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ABSTRACT 
Objective 
The Theory of Planned Behavior (TPB) and implementation intentions 
have been used effectively to explain and influence diet in middle-class, but not 
exclusively low SES populations. Furthermore, dietary research among low SES 
populations requires intake measures that are feasible and acceptable. Using 
three lines of research we evaluated 1) the utility of the TPB to explain fruit and 
vegetable (FV) intake, 2) efficacy, feasibility and acceptability of an 
implementation intention intervention to improve FV intake, and 3) agreement, 
feasibility, and acceptability of 2 dietary intake measures of FV intake in low SES 
women.   
Design 
 Participants were adult female residents of Boston Public Housing. Study 
1: Using a cross-sectional survey (n=144), we evaluated the utility of the TPB to 
explain FV intake. Study 2: We conducted a pilot randomized controlled 
implementation intention intervention to promote FV intake (n=20), and semi-
  xii 
structured interviews to evaluate feasibility and acceptability of the intervention 
(n=8). Study 3: We administered 2 24-hour recalls, a food frequency 
questionnaire (FFQ), and structured interviews (n=36) to determine agreement, 
feasibility and acceptability dietary intake measures.  
Results 
 Study 1: The TPB construct perceived behavioral control significantly 
predicted intention to consume FV (OR=2.55,95%CI:1.23,5.27) and with BMI, FV 
intake (βPBC=0.37,t(1)=2.29,p=0.0235; βBMI= -0.02,t(1)= -2.41,p=0.0174; 
R2=.08,F[2,130]=5.72,p=0.0042). Study 2: Feasibility goals were met for retention 
and days to follow up, but not recruitment. Participants characterized the 
intervention as enjoyable. Limited hypothesis testing showed no significant 
increase in mean FV intake within (control (n=11):+0.50, 95% CI:-0.56,1.58 
servings; intervention (n=9):+0.17, 95% CI:-0.85,1.20 servings) or between 
groups (control group +0.33, 95% CI:-1.06,1.73 servings). Study 3: Feasibility 
targets were met for contacts and retention, but not for enrollment.  There was no 
significant association between 24-hr recall and FFQ measures for fruit (r=0.32, 
p=0.09) or vegetable (r=0.16, p=0.40) intake and no marked preference for 
method (35% FFQ; 31% 24-hour recall).  
Conclusion 
 The TPB may be useful to explain FV intake.  Although acceptable, an 
implementation intention intervention may not be feasible or effective to influence 
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FV intake. We demonstrated limited feasibility and association but generally 
equal preference between dietary measures of FV intake in low SES women. 
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PREFACE 
It was a hot, humid summer day in Boston and, although the sun was 
shining brightly between the high-rise buildings of the Lillian Barkley Housing 
Development, I was grateful that I was inside the community room where it was 
air conditioned.  I and one of the Resident Health Advocates were setting up for a 
cooking demonstration for the residents that I was going to be presenting.  This 
event was part of a multi-intervention research study that the Partners in Health 
and Housing – Prevention Research Center of Boston University’s (BU) School 
of Public Health was conducting in a number of Boston Public Housing 
developments to help reduce the incidence of obesity which is disparately high in 
this type of community.  
 While the Resident Health Advocate and I were setting up the 
demonstration table, the large doors opened and inside came two women in 
scrubs; one was holding a large duffle bag, and the other was wheeling a brown 
“pleather” dentist’s examination chair.  We greeted each other and asked each 
other what organizations we were from.  It turned out that the women were dental 
hygienists from BU School of Dental Medicine.  They were there to conduct 
pediatric dental screenings.  A program grant allowed them to sets up 
appointments with the residents to provide their children with free dental 
screenings and exams.  Wonderful! I thought, as they made their way to another 
room near the community room where the cooking demonstration was to take 
place.   
  xv 
Two hours passed and as we were cleaning up from our cooking 
demonstrations we again saw the women.  This time, they were packed up and 
ready to leave the housing development.  I asked them how the dental screening 
went, and they told me that nobody had showed up.  Nobody had showed up! 
Here the dental school had set up the appointments and brought their equipment 
to the housing development – theoretically insuring residents the ability to keep 
their appointment - and still no one came.  
It was at that moment that the topic of this dissertation was decided.  The 
question: How can we get folks to move from having intentions to perform 
healthy behaviors, to actually performing those healthy behaviors? The following 
is an exploration of that very question in a group of women of low socioeconomic 
status living in Boston Public Housing for the healthy behavior of increasing their 
intake of fruit and vegetables. 
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CHAPTER ONE 
Introduction 
Overview of the Problem 
 Poor diet quality has been associated with a variety of chronic diseases 
including obesity (Hung et al. 2004; Bowing et al., 2012). One measure that has 
been used as an indicator of diet quality is fruit and vegetable intake (Aljadani et 
al., 2013; Guenther et al., 2013).  Research has shown an association between 
fruit and vegetable intake and risk for cardiovascular disease (Mente, 2009), 
stroke (Bazzano et al., 2001), and some forms of cancer (Bazzano et al., 2001; 
Terry et al., 2001). In addition, obesity and risk for obesity related diseases such 
as type 2 diabetes have been shown to inversely relate to fruit and vegetable 
intake (Ledoux et al., 2001; Rolls et al., 2004; Aljadani et al., 2013; Carter et al., 
2010). 
 In response to this research, the US government has suggested that 
Americans increase their intake of these foods (USDA, 2010).   Unfortunately, 
epidemiologic data suggest that most Americans have not been successful doing 
so.  In a recent publication by Krebs-Smith et al. (2010) using data from the 
2001-2004 NHANES survey, 24-hour dietary recall data were translated into 
intake amounts of various food groups using the USDA’s MyPyramid Equivalents 
Database.  For the 17,311 persons aged ≥2 years for which reliable intake data 
were available, 85.1 ±1.45% of men and 80.0±1.39% of women ≥19 years had a 
usual intake of total fruits, and 86.8±1.47% of men and 87.3±1.67% of women 
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had a usual intake of total vegetables below the minimum amounts 
recommended by the US government’s dietary guidelines (USDA Dietary 
Guidelines for Americans, 2010).   
 This gap between recommended and actual intake of fruit and vegetables 
is greatest in people of low socioeconomic status (SES) (Casagrande et al., 
2007; Jack et al., 2013).  In a study by Casagrande et al. (2007) which looked at 
both the 1988-1994 and 1999-2002 NHANES adult data and used income as a 
proxy for SES, results showed that individuals who had “average” to “high” 
income levels (poverty to income ratios of 1.25-2.5:1) had an OR of 1.31 (95% 
CI: 1.37-1.99) to 2.06 (95% CI: 1.77-2.39) of meeting the recommended 
guidelines for fruit and vegetable intake when compared with individuals who 
were at the poverty level.   
 This disparity in intake of fruit and vegetables appears to be associated 
with the higher incidence of chronic disease, including obesity, in low SES 
groups (Zhang & Wang, 2004a; Zhang & Wang, 2904b; Jemal et al., 2008; 
Stringhini, 2010).  In a study by Jemal et al. (2008) where education level was 
used as a marker for SES, mortality data compiled by the National Vital Statistics 
System (administered by the National Center for Health Statistics) for the year 
2001 were reviewed for underlying cause of death and compared with 
information on level of education attainment.  Age-standardized death rates were 
calculated using the 2000 US population standard for all causes combined and 
for the 15 leading conditions by gender, race/ethnicity, and educational status 
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within the age range of 25-64 years.  Results of their analysis showed that death 
rates from all causes, malignant neoplasms, and heart diseases decreased as 
education level increased.  Similarly, a study by Zhang and Wang (2004b), 
NHANES data from surveys I, II, and III as well as from 1999-2000 were 
analyzed for secular trends in the relationship between SES and obesity. The 
authors found that, although the association between SES and obesity has 
attenuated over time, the prevalence of obesity remains higher for men and 
women of lower education (as a marker for SES) versus higher. 
 Literature exploring the disparity in diet quality and disease for individuals 
of low SES suggests that both individual and environmental factors are 
contributory (Wang & Beydoun, 2007; Brug, 2008; Pampel et al., 2010). 
Environmental factor determinants of diet quality include such things as the 
economic status of the area within which one lives and the availability of fruit and 
vegetables for purchase (Kamphuis et al., 2006; Brug, 2008).  Individual 
determinants of diet quality include such things as taste preferences and 
attitudes toward consuming fruit and vegetables (Brug, 2008).  Given that the 
literature has implicated both individual and environmental factors in playing a 
role in diet quality in marginalized groups, research that will increase our 
understanding of mechanisms that can positively affect these factors in 
individuals of low SES is important.   
 Theoretical models of behavior are used to study the individual 
determinants of health behaviors (including diet quality).  Behavior theories have 
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been developed and used to study and influence individual determinants of 
behavior for the past 5 decades.  More recently, behavior theories have been 
adapted and applied to the study of health behavior change.  One such 
theoretical model that has been studied in this regard is the Theory of Planned 
Behavior (TPB).  Since it was first proposed by Azjen and Fishbein in 1975, the 
TPB has been studied as a method to effectively explain and predict a number of 
health behaviors including diet quality.   
 Only in the last 20 years or so has an extension of the TPB known as 
implementation intentions been studied as an intervention to improve health 
behaviors including those related to diet quality.  The implementation intention 
extension of the TPB is the creation of a specific plan to enact a goal behavior.  
Implementation intentions are designed to bridge the “intention – behavior gap” in 
a way that allows individuals who set the implementation intention to move from 
intending to perform a behavior to performing a behavior.    
 Although TPB and implementation intention interventions have been 
shown to positively affect diet quality, to date there has been no quantitative or 
qualitative studies of the TPB model and an implementation intention intervention 
to describe or affect diet quality in marginalized groups. Research conducted to 
date on the TPB and implementation intentions has been with an ethnically and 
socioeconomically well-circumscribed group (i.e., white, middle-class adults and 
college students). As such, it is unknown whether or not the TPB can be used to 
describe dietary intake behavior or if an implementation intention intervention is 
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feasible, acceptable, or effective for improving diet quality in racial-ethnic 
minorities and individuals of low SES.  Given that poor diet quality and its 
associated chronic diseases disproportionately affect this population, it is 
especially important to understand if an implementation intention intervention 
(which on the surface appears to be an easy to implement and low cost model) is 
feasible, acceptable, and effective with this group.  As such, research that 
includes feasibility, acceptability and efficacy analyses can inform future research 
using an implementation intention (or other behavioral-based) intervention to 
improve diet quality in this group.   
Research which focuses on dietary intake behavior, including research 
based upon the TPB and implementation intentions, relies upon measures of diet 
that are valid, reliable, feasible and acceptable to study participants.  
Unfortunately, to date there is no single dietary assessment method available to 
researchers which measures true, usual intake in free-living populations (Krebs-
Smith et al., 2015; Thompson et al., 2015; Lombard et al., 2015). As such, the 
measurement tools that have been developed provide an estimate of true intake, 
and none are free from measurement error.  Twenty-four hour recalls (24-hour 
recalls), and food frequency questionnaires (FFQs) are the current tools most 
often used to measure food and nutrient intake in research studies (Johnson, 
2002, Thompson & Subar, 2013).  Which method is chosen is determined by a 
number of factors including the level of precision needed, participant burden, the 
outcome required for the research design, and cost.   
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For health disparity-facing populations who have a higher prevalence of 
chronic diseases (Zhang & Wang, 2004a; Zhang & Wang, 2904b; Jemal et al., 
2008; Stringhini, 2010), interventions promoting dietary change are a national 
health priority. Comprehensive evaluation of these dietary interventions relies 
upon the effective and efficient measurement of diet generally in the form of 24-
hour recalls or an FFQ.  Although self-reported measures of diet in the form of 
24-hour recalls and FFQs have been validated and used to measure dietary 
intake of both nutrients and foods in health-disparity populations, it is unknown 
how well these two measures agree and which self-reported measure would be 
most feasible and acceptable for use when conducting diet intervention studies in 
this group.   
Dissertation Specific Aims 
 We developed three specific research aims to address the gaps in the 
literature described above: 
1. Using a cross-sectional survey, we will examine the utility of the TPB to 
describe current fruit and vegetable intake in women of low SES.  Our 
analyses will describe associations between variables, and include the 
development of a model which best predicts both intention to consume and 
intake of fruit and vegetables for this group.   
2. Using a sample drawn from the participants in the cross-sectional survey, 
we will conduct a pilot randomized controlled trial and feasibility analysis of 
an implementation intention intervention to increase participant fruit and 
  
7 
vegetable intake.  Analysis from this study will be used to ascertain if this 
type of intervention is feasible in women of low SES.  Additionally, using a 
sample drawn from the pilot randomized controlled trial, we will conduct a 
qualitative study of participant characterizations of their experience 
participating in the implementation intention intervention trial.  From this 
analysis, further information regarding the feasibility and acceptability of the 
intervention study processes, variable measurement, the implementation 
intention intervention, and overall study participation will be obtained.   
3. Using a cross-sectional survey, we will explore the agreement, feasibility, 
and acceptability of 2 24-hour recalls and a FFQ to measure fruit and 
vegetable intake in women of low SES.  A secondary aim will be to evaluate 
frequency of Nutrition Facts label reading in the same cohort.  Our analyses 
will examine agreement using a variety of methods drawn from the literature, 
and feasibility and acceptability using both quantitative and qualitative 
approaches. Frequency of Nutrition Facts label reading will be evaluated 
using a single-item survey question. 
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CHAPTER TWO 
Theoretical Foundation 
Health Behaviors and their Determinates 
 In 1982, Gochman defined health behavior as “those personal attributes 
such as beliefs, expectations, motives, values, perceptions and other cognitive 
elements; personality characteristics, including affective and emotional states 
and traits; and overt behavior patterns, actions and habits that relate to health 
maintenance, to health restoration and to health improvement” (Gochman, 1982, 
p. 169).  Inclusive in this definition Gochman recognized the role of personal 
attributes and influences of family structure, peer groups and social factors as 
well as societal, institutional and cultural determinants.    
In an effort to categorize determinates of health behaviors, Story et al. 
(2002) created a framework based upon social cognitive and ecological theory.  
Their characterization included a broad range of influences on health behaviors: 
individual (e.g. psychosocial, biological), social environmental or interpersonal 
(e.g., family and peers), physical environmental or community settings (e.g., 
schools, fast food outlets, convenience stores), and macro-system or societal 
(e.g., mass media, marketing and advertising, social and cultural norms). 
Research which explores and attempts to influence health behavior has targeted 
each of the categories of determinants proposed by Story et al., (2002); either 
alone or in combination.  In general, research which has attempted to explain or 
influence individual or intrapersonal influences as determinants of health 
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behavior have used theoretical models of behavior as their foundation (Glanz et 
al., 2008; Glanz & Bishop, 2010).   
Theoretical Models of Health Behavior Change 
 A theory is a systematic view of events or situations used to explain and 
predict events or situations.  Included in this system are variables or constructs 
that have specific relationships and interrelationships.  Theoretical models 
generally take at least two forms: those that help explain behavior (so called 
“explanatory models”) and those that suggest how to develop more effective 
ways to influence behavior (“change theory”) (Glanz & Bishop, 2010).  Most 
explanatory models proposed to date are constructed to explain how individuals 
progress through the continuum of behaviors or stages from goal setting 
(intention) to goal enactment (behavior).  These models provide a broad view of 
the cognitive and behavioral underpinnings of heath behavior change and have 
met with varying success with regard to their utility as a theoretical basis for 
interventions to promote health behavior change.  One model that has been 
studied extensively to explain health behaviors is Ajzen’s Theory of Planned 
Behavior (TPB) (Ajzen, 1985; Ajzen, 1987).  
The Theory of Planned Behavior 
 The TPB model is an extension of the Theory of Reasoned Action (TRA), 
which was originally proposed by Ajzen and Fishbein in 1975 to provide a simple 
explanation of “informational and motivational influences on behavior” (Fishbein 
& Ajzen, 1975; Conner & Armitage, 1998) (Figure 1.).  This model provides a 
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potential avenue to understand and influence dietary health behaviors.  The TRA 
suggests that the most important determinant of volitional behavior is one’s 
intention to perform that behavior.  In addition, it posits that one’s intention to 
perform a behavior is influenced by two predictors: attitudes (the individual’s 
thoughts and impressions used to form a particular goal intention) and subjective 
norms (the individual’s view of how others in their sphere of life will view their 
goal intention).  As the TRA asserts that behavior is solely dependent upon 
intentions, it restricts itself to volitional behaviors (behaviors the individual is able 
to carry out freely).  Behaviors that are non-volitional (i.e., that require skills, 
resources, or opportunities to carry them out) are not considered, and are poorly 
predicted by the TRA. 
 
Figure 1. Theory of Reasoned Action 
 
 
 
  
  
 
  
 The TPB was developed in an attempt to include the prediction of non-
volitional behaviors using the TRA model (Ajzen, 1991; Ajzen, 1998) (Figure 2.).  
To allow for the prediction of non-volitional behaviors, a construct that describes 
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perceptions of control over performance of a behavior, termed “perceived 
behavioral control”, was added to the model.  This addition was deemed 
important because it “extends the applicability of the theory beyond easily 
performed, volitional behaviors to those complex goals and outcomes which are 
dependent upon performance of a complex series of other behaviors (e.g., losing 
weight)” (Conner & Armitage, 1998, p.1430). Perceived behavioral control is the 
individual’s perceptions about whether or not he/she has the skills and means 
necessary to bring about successful performance of the goal intention.  
Perceived behavioral control has influence on both goal intention and behavior 
and its influence is dependent upon the type of behavior and the nature of the 
goal intention.  In instances where attitudes are strong, or where subjective 
norms are powerful, perceived behavioral control may be less predictive of goal 
intentions.  But, when these factors are reduced, perceived behavioral control 
may play a more powerful role on intention formation and performance of 
behavior.  
Figure 2. Theory of Planned Behavior 
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While the link between intention and behavior is clear in that people 
generally perform behaviors that they make an intention to perform, the 
association between perceived behavioral control and behavior is more complex.  
Perceived behavioral control can affect behavior in the way that when goal 
intentions are held constant, goal-directed behavior is more likely to occur as 
perceived behavioral control increases and behavior is less likely to occur when 
perceived behavioral control decreases.  In conditions of compete volitional 
control, when the intention-behavior relationship should be optimal, perceived 
behavioral control should not exert any influence on behavior (Armitage & 
Conner, 2001).  But, when behavior is not under complete volitional control, 
perceived behavioral control should moderate the intention – behavior 
relationship as people generally form goal intentions based upon their perception 
of possessing (or lacking) the skills, resources and opportunities to be 
successful.   Because of this, it is the construct of perceived behavioral control 
(rather than attitudes and subjective norms) that subsequent research using the 
TPB model suggests to be the most powerful moderator of goal intentions 
(Armitage & Conner, 2001; Rise et al, 2003) as well as a significant moderator of 
goal-directed behavior in those cases where the behavior is not under volitional 
control (Armitage & Conner, 2001).   
 Of the TPB variables measured in research looking at the efficacy of the 
TPB to predict behavior, correlational and regression analyses have shown that 
attitudes and perceived behavioral control exert the most significant effect on 
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goal intention strength, while goal intention strength and perceived behavioral 
control exert the most significant effect on behavior (Armitage & Conner, 2001). 
Strength of subjective norms has been found to contribute very little to the model 
(Armitage & Conner, 2001; Conner & Sparks, 2005; Louis et al., 2009; 
Emmanuel et al., 2012). The relative strength of perceived behavioral control and 
attitude to moderate goal intention and behavior has led researchers who ground 
their health behavior change research on the TPB to routinely measure the 
strength of perceived behavioral control and attitude as independent variables.  
Measurement of these constructs has almost universally taken the form of 1-4 
related survey questions, which are scored by the subject using bipolar semantic 
differentials (Osgood, 1964).  A semantic differential is a type of rating scale 
designed to measure the meaning of words and concepts.  In general, subjects 
are asked to indicate their position on a scale (generally 1-7 points) bounded by 
descriptive adjectives or statements such as “strongly agree” to “strongly 
disagree”.  Most recently, researchers conducting implementation intentions 
research have decreased the number of survey questions to 1 for each construct 
and have limited TPB variable measurement to attitude, perceived behavioral 
control and goal intention strength as these constructs have been found to most 
strongly predictive of behavior (Chapman & Armitage, 2012).  
Implementation Intentions: An Extension of the Theory of Planned 
Behavior    
 Description.  Since the TPB was first proposed, other mediators and/or 
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moderators (Baron & Kenny, 1986) have been identified as well as extensions of 
the model.  One such extension of the TPB is the concept of implementation 
intentions. Implementation intentions was proposed by Gollwitzer (Gollwitzer & 
Brandstatter, 1997; Gollwitzer & Schaal, 1998; Gollwitzer, 1999) to “mediate the 
relationship between intention and enactment” (Conner & Armitage, 1998, p. 
1451), and as such, it is a potentially useful theory around which to develop an 
intervention to promote a dietary health behavior change (Figure 3.).   
 An implementation intention is a specific plan created by an individual to 
perform a goal behavior they have not been successfully enacting.  In general, 
an implementation intention is the identification of a specific time, and place and 
the specific behavior (the “when, where and what”) that will satisfy the individual’s 
goal intention.  As described in the implementation intention literature, an 
implementation intention is best structured using an “if…then…” format.  For 
example, if my goal intention is to increase my intake of fiber, an implementation 
intention set to help me enact that goal behavior would be something like “if it is 
6:00 pm, and I am in my kitchen preparing dinner, then I will snack on a handful 
of raw almonds”.  By setting this specific set of actions, an implementation 
intention allows the individual to move effortlessly from goal intention to goal 
behavior without thought, and as such, it increases the likelihood that the goal 
behavior will occur. 
 Intervention studies using implementation intentions.  Research that 
has utilized implementation intentions to promote health behavior change has 
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been positive with studies demonstrating statistically significant positive changes 
with regard to such behaviors as reducing smoking in adolescents (Conner & 
Higgins, 2010), increasing activity level (Prestwich et al., 2010), improvement of 
diet quality (Verplanken & Faes, 1999), reducing dietary fat intake (Armitage, 
2004), and improving snack habits (Tam et al., 2010).  
 
Figure 3. Implementation intention extension of the TPB 
 
 
 
 
 
 
  
 Early research using implementation intentions as a means of increasing 
fruit and vegetable intake produced mixed results which later researchers have 
suggested were the result of a number of methodological issues (Armitage, 
2007). In effort to improve research quality, Armitage in 2007 conducted a 
randomized controlled trial of an implementation intention intervention to increase 
fruit intake over a 2-week period in sample of 120 students (ages 18-20). 
Students in both the experimental and control conditions were given a 
questionnaire to complete which included measures of TPB variables (attitude, 
subjective norm, perceived behavioral control, and goal intention strength using 
 
Implementation intention 
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bipolar semantic differential scales) and fruit intake (measured by asking 
participants at baseline and at follow up “How many pieces of fruit did you eat in 
the last 2 weeks?” And “On how many days (of the last 14) did you eat an extra 
piece of fruit?”).  Additionally, the experimental group was asked to form an 
implementation intention whereby they received written instruction to write down 
on the questionnaire where, when and what they would do to increase their 
intake of fruit by 1 piece per day over the following 2 weeks.  The effects of the 
implementation intention were tested using a mixed ANOVA where condition 
(experimental vs. control) was used as the between participant factor, time 
(baseline vs. follow up) as the within person factor and fruit intake as the 
dependent variable.  TPB variables were entered into the model as covariates.  
Within person ANOVAs showed that participants in the experimental condition 
demonstrated a significant increase in fruit intake (F[1,37]=5.06, p<0.05) between 
baseline and follow up with no similar increase in the control group.  Analysis 
using ANOVAs to investigate differences in follow up (2 week) fruit intake 
(controlling for baseline fruit intake) showed that subjects in the experimental 
condition ate significantly more fruit (0.19 portions per day) than those in the 
control group (F[1, 81]=7.33, p<0.01).  The author concluded that the 
intervention, based on implementation intentions, was successful in increasing 
fruit consumption over the course of the brief intervention.   
 Chapman et al. (2009) conducted a randomized controlled trial to test if an 
implementation intention intervention would increase fruit and vegetable 
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consumption in 300 young adults (students).  Of particular interest, this study 
was designed to test the effects of both a “global plan” and an implementation 
intention intervention that was constructed in the specific “if-then” format to 
determine if there were any different effects on fruit and vegetable intake.    
Similar to previous studies of implementation intention interventions, TPB 
variables were measured to control for the effects of motivation as well as to 
measure some of the factors influencing motivation consistent with the TPB.  
Attitude, subjective norm, and perceived behavioral control were measured using 
the established bipolar semantic differential scales, using 1 (attitude) to three 
(subjective norm, goal intention, perceived behavioral control) items with 
responses averaged to obtain a single measure for each construct.  Fruit and 
vegetable intake was measured using a single open-ended question (“Over the 
past week, how many fruit and vegetables have you eaten on average per day?”) 
that was added to the fruit and vegetable section of a validated FFQ.  The effect 
of both the global plan and the specific “if-then” implementation intention 
intervention were tested using ANOVAs with the dependent variable fruit and 
vegetable intake.  A significant main effect was found for time (F[91,294]=26.78, 
p<0.01), on fruit and vegetable intake in the direction of increased portions at 
follow up.  In addition, a significant interaction was found between intervention 
format (global plan vs. “if-then” implementation intention) and time on fruit and 
vegetable intake (F[2,294]=7.27, p<0.01).  Specifically, no change was found in 
the control group (F[1,96]=0.18, p=0.89), a significant difference was found in the 
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global group of an increase over time of 0.31 portions (F[1,98]=8.25, p=0.01), 
and a significant difference was found in the “if-then” group of an increase over 
time of 0.50 portion from pre-test to follow up (F[1,103]=34.33, p<0.01).  Of 
particular interest, when baseline fruit and vegetable intake was included in the 
model, a significant effect was seen in intake over time in both groups for 
participants consuming low intakes of fruit and vegetables at baseline, but for the 
high baseline intake group, a significant effect was seen only with the “if-then” 
implementation intentions group (0.45 portion increase (F[1,57]=16.47, p<0.01).  
The authors conclude that implementation intention interventions are an effective 
way of increasing fruit and vegetable intake, and that both global plans and 
specific “if-then” formats increase reported fruit and vegetable intake, however 
the increase is higher for plans which include the specific “if-then” format. 
 Chapman and Armitage (2012) conducted a randomized controlled 
intervention to explore the effect of a single vs. separate implementation 
intentions interventions on fruit and vegetable intake.   Participants in this study 
were also university students ages 18-44 years (n=580).  Subjects were 
randomized into three groups to receive either control, separate (implementation 
intention for fruit and implementation intention for vegetable) or combined 
(implementation intention for both fruit and vegetable) interventions.  Daily fruit 
and daily vegetable intake was measured separately.  Other measures were the 
TPB variables goal intention and perceived behavioral control.  Variables were 
measured at baseline and then at 2 months using an on-line questionnaire.  
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Implementation intention interventions were guided to conform to the desired 
“if…then” format.  The control group was encouraged to increase their fruit and 
vegetable consumption over the study time frame, but did not formulate any 
specific plan.  Their results showed that for fruit intake, subjects who made both 
the combined and separate implementation intention demonstrated a greater 
increase in intake from baseline to follow up (combined daily serving increase of 
0.45, Cohen’s d=.42; separate daily serving increase of 0.23, Cohen’s d=.21) 
than the control group when baseline intake was controlled for (F[2,579]=20.60, 
p<.01).   For vegetable intake the results were somewhat different with subjects 
in the separate implementation intention group increasing their intake of 
vegetables from baseline to follow up (separate daily portion increase of 0.14) 
more than both the control and combined implementation intention intervention 
(F[2,579]=4.29, p=.01).  The authors speculate that, the differences found may 
be the result of “cognitive demands” that come from forming combined vs. 
separate implementation intentions as well as the order in which the separate 
implementation intentions were made.  This being the first published study 
investigating the utility of separate vs. combined implementation intentions to 
promote intake of fruit and vegetables, more research is needed to clarify these 
findings.    
 In 2011, Adriaanse et al. published a meta-analysis of implementation 
intention studies whose outcomes were the promotion of a healthy diet.  No 
restriction was made regarding publication year.  After initially locating 49 
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different articles, the authors applied exclusion criteria that the article describe 1) 
an empirical test, 2) the test was the effectiveness of an implementation 
intention, 3) the effect included a type of eating behavior, 4) the planning 
intervention could be measured or manipulated, 5) a variety of (more or less) 
reliable outcome measures were used and the effect of the intervention could be 
extracted from the results.  This process resulted in 26 articles for the analysis. 
The authors then grouped the articles into those that pertained to 
increasing health eating behaviors and those that pertained to decreasing 
unhealthy eating behaviors and summarized the findings accordingly.  A 
homogeneity test (Q-test) was conducted, and was rejected (Q=10.93, p=.000), 
suggesting that the variance between studies could not be attributed to sampling 
error alone.  Cohen’s d and the standard error were calculated for all studies, as 
well as mean effect sizes.  Additionally, the quality of the outcome measures and 
control conditions were coded for each study.  Of the 26 articles reviewed, fifteen 
studies researched the efficacy of an implementation intention intervention to 
increase healthy eating behaviors.   
 Of the studies which looked at increasing healthy eating behaviors, 12 of 
them included a main outcome related to fruit and vegetable intake; 10 in adult 
subjects.    The samples for these studies included students, adult participants in 
an internet panel, Dutch citizens obtained via the national telephone company, 
cardiac patients, student nurses/midwives, employees of a “logistic service 
company”, and members of an online survey panel.  Outcome measures were 
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assessed anywhere from 1 week to 9 months after the intervention.  Measures of 
fruit and vegetable intake varied greatly from a 1-item question to 24-hour recalls 
of all foods/beverages to 7-day food diaries to 14-item FFQs.  When looked at as 
a whole, nine of the twelve studies showed a positive effect of an implementation 
intention intervention on healthy eating behaviors with an overall medium effect 
size of 0.51, with studies using the strongest measures of fruit and vegetable 
intake (i.e. those measures using more than 1 question to evaluate intake) 
showing the largest effects.  A summary of the intervention studies mentioned 
above is shown in Table 1. 
 
Table 1. Studies using an implementation intention intervention to increase fruit 
and vegetable intake in adults*  
 
Study Design Main 
outcome 
measure 
Time 
between 
plan and 
outcome 
measure 
Study 
group 
Effect 
Armitage 
(2007) 
Experimental; 
IIa and control 
condition 
2 items 
assessing fruit 
intake over 
previous 2 
weeks 
2 wks n=120; 
Students; 
20% male 
Increase of 0.19 
portions of fruit 
per day in 
intervention 
condition†; no 
increase control 
group 
Chapman et 
al. (2009) 
Experimental; 
“Specific” vs. 
“Global” II vs. 
control 
1 item 
assessing fruit 
and vegetable 
intake over 
past week 
1 wk n=557; 
Students; 
26% male 
Increase of 0.50 
portions in 
specific II 
condition†; global 
II ns; Increase 
control 0.01 
portions 
Chapman & 
Armitage 
(2012) 
Experimental; 
Single II vs. 
separate II for 
fruit and for 
2 item self-
report 
assessing fruit 
and vegetable 
2 mos n=580; 
Students 
18-44 yrs 
For fruit intake 
both combined 
and separate II 
increased intake 
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vegetable and 
control 
condition 
intake on 
average per 
day 
significantly over 
control by 0.45 
portions†; For 
vegetable intake, 
separate II 
increased intake 
significantly by 
0.14 portions 
over combined 
and control†  
De Nooijer 
et al. (2006) 
Experimental; 
II and control 
condition 
14-item FFQb 
+ additional 1-
item 
measures 
1 wk n=535; 
Dutch 
internet 
panel 18+ 
yrs; 49% 
male 
No effect 
DeVries et 
al. (2008; 
Study 1) 
Experimental; 
3 conditions 
Self-reported 
frequency and 
quantity 
9 mos n=2827; 
Sample 
obtained 
via Dutch 
national 
telephone 
company 
No effect 
Jackson et 
al. (2005) 
Experimental; 
3 conditions 
24-hour recall 7, 28, 90 
days 
n=120; 
Cardiac 
patients; 
59% male 
No effect  
Kellar &  
Abraham 
(2005) 
Experimental: 
II and control 
condition 
3 items 
assessing 
success 
consuming 
the required 
daily intake 
over past 
week 
1 wk n=218; 
Students; 
11% male 
Intervention 
group ate the 
recommended 
intake on more 
days than control 
group at follow 
up (3.03 vs. 
2.28)† 
Luszczynska 
& Cieslak 
(2009) 
Prospective 
design to 
assess 
correlation 
between 
planning and 
consumption 
2 items 
assessing 
intake over 
previous 2 
weeks 
6 mos n=130; MIc 
survivors; 
64% male 
Correlation 
r=0.21, p<.10 
Luszczynska 
& Hayes 
(2009) 
Experimental; 
II and control 
condition 
1 item 
assessing fruit 
and 1 item 
assessing 
vegetable 
intake on a 
4 mos n=182; 
Student 
nurses and 
midwives; 
11% male 
Intervention 
group consumed 
2.65 portions, 
control group 
consumed 2.41 
portions, 
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typical day significant effect 
of condition† 
Reuter et al. 
(2008; Study 
2) 
Experimental; 
II and control 
condition 
1 item 
assessing 
portions 
consumed 
over past 4 
weeks 
4 wks n=115; 
Employees 
of a 
logistics 
service 
company; 
84% male 
Only II group 
increased intake 
by 0.7 portions 
per day† 
Van Osch et 
al. (2009; 
Study 1) 
Prospective 
design 
assessing 
correlation with 
action planning 
and fruit 
consumption  
2 items 
assessing 
average fruit 
intake over 
previous week 
1 mo n=572; 
Members 
of an online 
survey 
panel of a 
private 
research 
company; 
47% male 
Action planning 
significantly 
predicted fruit 
consumption 
(r=.33)† 
* Modified from Andraaise et al., 2011 
† Statistically significant 
aII=implementation intention 
bFFQ=food frequency questionnaire 
cMI=myocardial infarction 
 
 
 Time from intervention to follow-up.  As mentioned above, the length of 
time between the implementation intention intervention and outcome 
measurement varied greatly in studies using implementation intentions to 
increase fruit and vegetable intake (see Table 1).  As such, we are left with little 
empirical evidence upon which to base the timeframes used to inform our 
research.  Of the studies conducted using an implementation intention 
intervention to increase fruit and vegetable intake, only two have included 
assessment at more than two time points over the course of the study.  Jackson 
et al. (2005) conducted a randomized controlled intervention which looked at the 
effect of a TPB only vs. TPB + implementation intention intervention to increase 
fruit and vegetable intake in cardiac patients (n=120) who were contacted at days 
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7, 28, and 90 to record self-reported fruit and vegetable intake.  The results 
obtained from this study showed no significant group or time x group effect (i.e., 
neither the TPB group nor the TPB + implementation intention group showed a 
significant increase in fruit and vegetable intake above that which could be 
attributed to chance).   
 Armitage (2007) suggested that a number of methodological issues may 
have contributed to the outcome reported by Jackson et al. (2005).  Specifically, 
Armitage cites a) slow recruitment which necessitated the stoppage of the study 
before a sample size could be reached to meet statistical power calculations 
(n=120 participants recruited vs. n=157 needed to achieve 80% power), and b) 
study participants that were already well-skilled at “translating their motivation 
into action” (Armitage, 2007, p. 918).  But most significant as it relates to 
methodological design, all groups in the Jackson study were contacted by the 
researcher at all three time points.  As such, there is no way to determine if the 
results obtained were the result of the measurement time frame vis-à-vis the 
implementation intention intervention or the result of repeated attention provided 
to the subjects.   
 In 2010, Chapman and Armitage conducted a study to try to answer the 
issue of time from intervention to follow up associated with the study by Jackson 
et al. (2005). They tested the hypothesis of whether or not the long-term impact 
(6 month) of a single implementation intention intervention could be enhanced by 
administering an additional implementation intention at mid-point – a “booster”.  
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In addition, the researchers tested both a “passive control” and an “active control” 
group in effort to differentiate between any effect garnered by the implementation 
intention that might be the result of attentional differences between experimental 
and control groups in past implementation intention studies.  Participants in this 
study were university students ages 18-41 years who were randomized into each 
of 6 conditions with the between-persons factor of condition: 1) passive control, 
2) passive control plus implementation intention at 3 months, 3) active control, 4) 
active control plus implementation intention at 3 months, 5) implementation 
intention, and 6) implementation intention plus “booster” implementation intention 
at 3 months.  Fruit and vegetable intake and TPB/implementation intention 
variables were measured at baseline, 3- and 6 months.  The interventions for 
each condition (active, passive, implementation intention) were scripted in a way 
that the active control and implementation intention groups’ instructions 
encouraged fruit and vegetable intake, but the implementation intention group 
included instruction for creating their plan in an “if…then” format which previous 
literature suggests is superior for creating behavior change.  The active control 
group was encouraged to increase their intake of fruit and vegetables, without a 
specific plan formed.  The passive control group only completed the survey to 
measure TPB variables, but received no instruction regarding their fruit and 
vegetable intake.  There are two findings from this study that are most important.  
First, the researchers found that implementation intention interventions to 
increase fruit and vegetable intake are effective for up to 3 months.  In the single 
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implementation intention group, the higher intake effect fell off by the end of the 6 
month follow up such that there was no difference in intake between the single 
implementation intention group and the control groups.   The second finding 
relates to the use of active and passive control groups.  In their study, no 
significant difference in fruit and vegetable intake between either the passive or 
active controls was found.  From this the authors concluded that actively 
encouraging subjects to increase their intake of fruit and vegetables does not 
account for the impact made by an implementation intention intervention.  Of 
note, although this finding may suggest no need for future researchers to employ 
control groups in research using implementation intentions to increase fruit and 
vegetable intake, the authors cite ethical standards by which all study 
participants should receive information about the research design and a form of 
standard care.  Not utilizing a form of active control groups would, in their eyes, 
“violate these standards” and as such, they encourage future researchers to use 
active control group (Chapman & Armitage, 2010, p. 378).  
 Finally, as it relates to informing the determination of a time frame 
between implementation intention intervention and follow up, one can review a 
meta-analysis of implementation intention interventions with the outcome of 
increased fruit and vegetable intake (Adriaanse, et al., 2011), and identify 
randomized controlled trials where the experimental group demonstrated a 
significant increase in intake over the control group and look at the time frames to 
follow up employed in those studies.  Reuter et al., 2008 (Study 2) studied the 
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effectiveness of an implementation intention intervention to increase fruit and 
vegetable intake in a group of logistics service company employees, ages 20-62 
years, 84% men (n=246).  Participants were randomly assigned to a planning 
intervention (n=214) or a control group (n=32).  The implementation intention 
intervention was administered via a computer which provided instructions on a 
screen for participants to write the “when, where and how (they) will eat 5 
portions of fruit and vegetables per day” (Reuter et al., 2008, p. 201).  Fruit and 
vegetable intake was measured at baseline and 4 weeks later with an open-
ended question format that asked the number of portions of fruit and vegetables 
that the person ate on an average day over the last four weeks.  Participants 
were provided with detailed information regarding portion sizes.  The results 
obtained showed a significant increase in fruit and vegetable intake in the 
intervention group only.   
 From this review it seems reasonable to use a 4-week timeframe between 
the implementation intention intervention and follow up measurement of fruit and 
vegetable intake. 
 Implementation intention interventions in low SES groups.  There is 
some suggestion in the literature that an implementation intention intervention 
might be useful to promote health behavior change in low SES groups.  A study 
conducted by Droomers (2004) determined that there was no difference in TPB 
variable scores between SES groups.  This was a cross-sectional study of a 
random sample of smokers ages 15-74 from the general population, and 
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attempted to study previously identified differences in smoking behavior seen 
between SES groups (i.e., higher smoking rates in lower SES groups). Education 
was used as a proxy for socioeconomic status in this study.  Data was collected 
using a questionnaire to determine demographic information, smoking status, 
and other factors.  Theory of Planned Behavior variables (attitude, subjective 
norm, perceived behavioral control and goal intention to quit smoking) were 
assessed via telephone interview using a number of bipolar semantic differential 
scales.  Unfortunately, change in smoking behavior was not assessed as a part 
of this study.   Data collected were analyzed using a number of regression 
analyses models and χ2 tests.  Results showed that there was no difference in 
intention to quit smoking between different SES groups.  Of the TPB variables 
measured, only attitude and subjective norm were significantly related to the 
intention to quit smoking.  Because they found no difference between SES 
groups and TPB components, the researchers concluded that it was unlikely that 
the components of the TPB contributed to the different rates of smoking between 
SES groups.  Instead, they point to the intention-behavior gap as the area 
responsible for the behavioral differences identified. 
 Another study by Conner et al. (2013) suggests that SES moderates the 
intention-behavior gap, and as such they suggest that an intervention that targets 
this gap (as implementation intentions does) may be effective in low SES groups.  
Conner et al. (2013) conducted three independent studies of the effect of SES on 
three health behaviors (smoking, breastfeeding and physical activity) in stratified 
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groups of low SES teens (smoking), women (breastfeeding) and adults (activity).  
In all three studies, intention to perform or not perform the behavior and self-
efficacy were measured at baseline using bipolar semantic differential scales of 1 
to 3 items.  At follow up, a self-assessment measure of the dependent variable 
was taken.   Bivariate correlation and regression analyses were conducted to 
determine relationships between variables, as well as to predict the relationship 
between the dependent measure and predictor variables.   Across all three 
studies the same pattern was observed: SES moderated the intention-behavior 
relationship, and the attenuation was greatest in the lowest SES subjects.  The 
authors postulate that this may help to explain the lower rates of engagement in 
health behaviors that is seen in people of low SES.  They go on to suggest that 
this may help to explain why individuals of lower SES experience poorer health 
outcomes.  As a means of improving health outcomes in individuals of low SES, 
Conner et al. point to implementation intentions as one possible means of 
helping lower SES groups overcome the problem of following through on healthy 
intentions. 
 Although neither of these studies tested implementation intention 
interventions directly to effect health behavior change in individuals of low SES, 
there does appear to be support in the literature for evaluating the feasibility, 
acceptability and efficacy of this type of intervention in low SES groups. 
Qualitative Studies of Women of Low SES and Dietary Behavior  
 A number of qualitative studies have been conducted to examine dietary 
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behaviors among women of low SES living in the US.  Bove and Olson (2006) 
conducted a number of in-depth interviews with 28 low income mothers living in 
rural New York State in effort to understand their thoughts and feelings regarding 
being overweight or obese.  In their study, women were 19-48 years old, with 
>50% completing or having more than high school education, and the majority 
were white (89%).  From their analysis, a number of themes arose which 
participants viewed as contributing to their obesity and eating habits including 
transportation difficulties, the environment as a place which did not promote 
physical activity, food insecurity/fluctuating food supplies in the home, and 
isolation.  In 2012, Evans et al. conducted a qualitative study to explore the 
opinions of 148 members of low-income communities about their food purchasing 
choices as well as effective ways to increase access to healthier foods in their 
communities.  Participants were adult, male (85%) members of low-income “food 
desert” areas in central Texas whose median age was 31.3 years with ethnicity 
16.2% white, 63.5% Hispanic and 16.8% black or African American.  They found 
that 25.5% of participants were below the poverty level, and 37.1% of 
participants indicating that they ran out of food before the end of the month 
because they can’t afford to buy more “almost always”.  Additionally, 31.7% were 
high school graduates and 29.7 % had less than 12 years of school.  Themes 
that emerged from their analysis included a high level of knowledge about 
healthy eating.  Participants stated that cost, distance to and quality of food at 
retail stores influenced their purchasing decisions.  Access (geographic) to stores 
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where quality foods could be purchased was important for focus group members, 
as was improving “economic access” through the use of “sales”, coupons and 
preparing meals at home.   
 Wigg-Dammann and Smith (2008) used qualitative methods to explore the 
impact of socioeconomic status on food choices.  In this study, 14 90-minute 
focus groups were conducted in libraries, homeless shelters and a community 
center within a 20-mile radius of St. Paul, MN.  Questions for the focus groups 
were developed using Bandura’s Social Cognitive Theory as a theoretical 
framework.  Participants in the focus groups were mean age 37 years, almost 
50% African American, 30% Native American.  Eighty-four percent of the 
participants received food stamps and over 75 % of participants were overweight 
or obese.  Main themes which emerged from their analyses include a) the impact 
of economics on food choices, b) the influence of family and friends in the 
participant’s social environment on their dietary choices, and c) the role of lack of 
transportation in shaping food choices.   
 A review of the literature revealed no qualitative studies of low SES 
women’s perceptions regarding their participation in an intervention trial to 
change dietary behavior.  Although not an intervention study, Bertoni et al. (2011) 
conducted a mixed methods assessment of barriers that hindered adoption of a 
Dietary Approaches to Stop Hypertension (DASH) diet among African Americans 
of low SES.  In this study, focus groups were conducted with 20 African 
Americans ages 21 years or older from 2 zip codes in Forsyth County, NC.  The 
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topics for the focus groups included usual food habits, availability of food from 
the community, and feasibility following a DASH eating pattern (including 
participant’s assessment of the DASH literature obtained from the NIH website).   
Themes which emerged from their analysis include: environmental concerns 
(availability and quality of healthier options); economic concerns regarding the 
inability to purchase and consume fresh produce before it spoiled; and “tension” 
with other family members regarding their willingness to follow a healthier eating 
pattern.  Also important is the inclusion of participant’s perceptions regarding the 
clarity and utility of the DASH educational literature.  Here, participants described 
the DASH literature “appropriately simple and self-explanatory”, however they felt 
that some of the “design features” were “too medical or seemed unrealistic”.  
Participants also commented regarding the applicability of the brochure vis-à-vis 
its generic nature such that it was not appropriate for all segments of the 
population.  This included comments regarding the lack of representation of 
“different body types, levels of physical activity, and cultural norms” (Bertoni et 
al., 2011), including comments regarding the cost of foods used in the recipe 
suggestions which participants viewed as being prohibitive for them as a group.   
 From this review of the qualitative literature of dietary health behaviors in 
low SES women, we find some information that can be used to inform a 
qualitative study of an implementation intention intervention.  Specifically, the 
findings from these studies are useful in that they provide guidance to the design 
and interpretation of a qualitative study to investigate themes that may emerge 
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regarding how participants characterize their experience participating in an 
intervention to influence a dietary health behavior.  Additionally, results from the 
reviewed qualitative studies provide guidance for the development of the semi-
structured interview guide.  Specifically, the results can inform questions for the 
guide that will provide a further exploration of areas previously studied as well as 
new, related areas of exploration.  In addition, these studies provide us with clues 
regarding potential emergent themes that may arise in the process of our 
qualitative data analyses.  Overall, given that to date there is no literature that 
explores the utility, feasibility, acceptability or efficacy of the TPB and an 
implementation intention intervention to describe and/or improve diet quality in 
women of low SES, it is important and informative to add to this literature through 
inclusion of a qualitative study as the results can inform future interventions.    
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CHAPTER THREE 
Literature Review 
Dietary Assessment  
 
 Overview. As relationships between diet and disease have emerged 
through epidemiologic research, so too have methods to measure dietary intake 
in the research setting.  Unfortunately, to date there is no single dietary 
assessment method available to researchers that measures true, usual intake in 
free-living populations (Thompson et al., 2004). As such, the measurement tools 
that have been developed provide an estimate of true intake, and none are free 
from measurement error.  Diet records, 24-hour recalls, and food frequency 
questionnaires (FFQs) are the current tools most often used to measure diet and 
nutrient intake in research studies (Johnson, 2002; Thompson & Subar, 2013).  
Which method is chosen is determined by a number of factors including the level 
of precision needed, participant burden, the outcome required for the research 
design, and cost.  The opportunities and challenges of each method are outlined 
as follows.   
 Twenty-four hour recall and diet record methods were developed to allow 
for the measurement of food or nutrients actually consumed by an individual on 
one or more specific days (Willett, 2013).  If used in prospective studies, a 
number of recalls or records are generally collected over the duration of the 
study.  The main determinant of how many days and what length of time to 
collect this data depends upon the day-to-day variability of the food/nutrient to be 
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measured and the accuracy desired as it is the day-to-day variability of intake 
that tends to be the greatest source of measurement error for these methods 
(George et al., 2012).  Accordingly, one can reduce the measurement error 
associated with day-to-day variability by increasing the number of days intake 
data is collected (Carroll et al., 2012).  Alternatively, if the primary objective is to 
determine a mean value for a group or population, a single day is adequate 
(Willett, 2013, p. 49).  
 There are a number of benefits to using 24 hour recalls or diet records to 
measure dietary intake.  First, they can be used to estimate absolute rather than 
relative intake.  In this way, 24-hour recall and diet record data can be used to 
compare nutrient intake with specific diet recommendations. Second, recalls and 
records are “open-ended”; specific foods are not indicated on the tool, and as 
such participants are not limited in their responses regarding the foods they eat.  
This characteristic is particularly helpful when trying to estimate dietary intake of 
different ethnic/cultural groups as it can capture diet patterns that might be 
missed when more food-specific intake measurement tools are used.  Thirdly, the 
use of 24-hour recalls and diet records increases the options one has for analysis 
as dietary intake can be analyzed for specific nutrients or particular groups of 
foods.  Finally, if 24-hour recalls are used rather than diet records, participant 
burden is reduced, as there is no need for subjects to record (and often weigh 
and measure) their intake.   
 Use of 24-hour recalls and diet records to measure dietary intake also has 
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some drawbacks.  If 24-hour recalls are used, subjects need to rely on episodic 
memory (rather than semantic memory) to recall the specific foods eaten on the 
specific day(s) in question.  Episodic memory refers to our memory of specific 
events or experiences in a time sequential form.  As episodic memory fails, the 
potential for measurement error increases (Thompson et al., 2010). Second, with 
either 24-hour recall or diet record methods subjects need to quantify portion 
size, which may be difficult and confusing.  Erroneous reporting of portion size 
will contribute to measurement error.  Third, completion of diet records imparts a 
significant participant burden as subjects are asked to record their intake close to 
when eating occurs.  Fourth, in completing diet records or 24-hour recalls, 
subjects may report their intake erroneously in order to improve their “social 
desirability” (i.e., over-report healthy foods to improve researchers’ impression).  
Finally, neither 24-hour recall nor diet record methods represent a participant’s 
usual intake, particularly if only a small number of days of intake are being 
captured.  Although increasing the number of days of data collection can help to 
improve measurement of usual intake (Carroll et al., 2012), this task is often 
challenging, particularly for studies that involved a large number of subjects.   
 The validity of 24-hour recalls and diet records as dietary intake 
measurement tools depends upon a number of conditions being met.  All foods 
and beverages consumed must be documented and an accurate measurement 
of portion size is essential.  If this requirement is met, it is then important that the 
intake data be analyzed using a database that contains an accurate assessment 
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of the food or beverage’s composition.  Use of an outdated or inaccurate 
database produces nutrient analysis that is incorrect no matter how accurately 
the intake data are recorded.  Finally, as mentioned above, it is important to 
thoughtfully consider which days are chosen for recalls or records.  Generally, 
Americans eat differently on week days versus week ends.  Also, seasonal 
changes in diet need to be considered.   For these reasons and others, 
researchers need to be thoughtful when choosing the days (and times of year) 
that they will collect 24-hour recalls or diet records (Stote et al., 2011).   
 As mentioned above, 24-hour recalls and diet records are useful tools to 
estimate short-term, absolute intake, but what if the exposure of interest is usual 
dietary intake over longer periods of time?  FFQs were developed for this dietary 
intake measurement need.  In general, FFQs are questionnaires that include a 
listing of upwards of 100-200 food items that are generally grouped by nutrient 
composition.  In responding to an FFQ, participants are asked to report their 
usual intake of each item or food group listed.  Some FFQs are written in a 
manner that specifies portion size (so called “semi-quantitative FFQ”), and some 
are not.  For most epidemiologic studies, researchers look for data to allow for 
the measurement of the average long-term diet rather than intake on a few days.  
Additionally, they want the determination of a relative ranking of individuals in 
order to determine correlations or relative risk.  Food frequency methods allow 
for this type of analysis, and as such they are the tools most often used in this 
setting (Thompson & Subar, 2013). 
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 There are a number of benefits associated with the use of FFQs to 
measure dietary intake.  First, as these questionnaires are often self-
administered, the cost associated with dietary intake measurement in large 
populations is reduced.  This is another reason why FFQs are so often used in 
large epidemiologic studies.  Second, completion of an FFQ relies more on 
semantic rather than episodic memory which, studies have shown, has “greater 
accuracy” (Willett, 2013, p. 96). Lastly, FFQs allow for significant flexibility in 
terms of their design.  Questionnaires can be tailored to measure the intake of 
specific foods, or nutrients or a comprehensive assessment of the total diet. 
 Although a FFQ minimizes the error associated with the day-to-day 
variation of intake within individuals, it does increase errors associated with the 
estimation of an individual’s absolute intake.  In effort to improve the precision of 
measurement, researchers often adjust FFQ data for energy intake by using 
semi-quantitative FFQs (Willett, 2013). Further issues associated with the use of 
FFQs involve the high participant burden associated with the completion of these 
often lengthy questionnaires as well as the decreased accuracy that may result 
from participants who become bored or fatigued.    
 Brief FFQs.  Brief FFQs, have been developed to address a number of 
the negative aspects of longer FFQs; specifically, the significant participant 
burden and risk of additional measurement error associated with the more 
standard, lengthy FFQs.  In addition to these benefits, brief FFQs can allow for 
targeted measurement of specific foods/food groups that are thought to influence 
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specific disease outcomes.  Given the large number of public health 
programs/policies and intervention research to assess the effect of change in 
intake on disease outcomes, a number of brief FFQs have been developed to 
measure individual intake of a number of foods/nutrients including fat (Thompson 
et al., 2004; Thompson et al., 2007; Hebert et al., 2008), fiber/whole grains 
(Subar et al., 2001; Thompson et al., 2004; Thompson et al., 2005; Thompson et 
al., 2009), added sugars (Subar et al., 2001; Thompson et al., 2004; Thompson 
et al., 2005; Thompson et al., 2009), dairy (Subar et al., 2001; Thompson et al., 
2004; Thompson et al., 2005; Thompson et al., 2009), calcium (Subar et al., 
2001; Thompson et al., 2004; Thompson et al., 2005; Thompson et al., 2009), 
red/processed meat (Thompson et al., 2004; Thompson et al., 2005; Thompson 
et al., 2009), and fruit and vegetables (Subar et al., 2001; Thompson et al., 2002; 
Thompson et al., 2004; Thompson et al., 2005; Thompson et al., 2009).  These 
instruments vary in length, but generally range from 1 to 19-items.  In general, 
validation studies of these brief FFQs using 24-hour recalls suggest that they 
tend to underestimate intake (Thompson et al., 2000), though when estimated 
portion sizes were included as a part of the brief FFQ, the degree of 
underreporting is lessened (Thompson et al., 2004; Thompson et al., 2005).  
 Studies using brief FFQs to measure change in intake.  Brief FFQs 
have been used in studies in which the main outcome measure was change in 
dietary intake (Kristal et al., 1994; Osler & Heitmann, 1996; Thomson, 2003; 
Bogers, 2004; Backman et al., 2011; Shaikh et al., 2011; Freedman et al., 2013).  
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Thomson (2003) evaluated the Arizona Food Frequency Questionnaire (AFFQ) 
and repeat 24-hour recalls comparing reliability (reproducibility) and sensitivity to 
detect change in a dietary intake study among breast cancer survivors in the 
Women’s Healthy Eating and Living (WHEL) diet intervention trial.  Using a sub-
group of the study participants, intake data from two FFQ measurements (1 at 
baseline and 1 at follow up) was compared with that of 4 24-hour recalls at 
baseline and 1 at 1-year follow up.  Spearman rank correlation coefficient was 
used to describe the reproducibility of the data for both the FFQ and 24-hour 
recalls.  In addition, “responsiveness” (sensitivity) of the measurement tools to 
change was calculated based upon work by Kristal et al. (1994), in which the 
observed intervention effect (calculated as the difference between the mean 
change in the intervention and control groups) is divided by its standard 
deviation.  The average correlation across nutrients included in the assessment 
method for the repeated AFFQ was 0.63 and for the repeated 24-hour recalls 
was 0.43 suggesting that the repeated recall data have a lower reproducibility 
overall than the AFFQ.  The authors concluded that both the AFFQ and 24-hour 
recall methods were able to detect significant differences between baseline and 
follow up in the intervention group, though the reproducibility of the AFFQ was 
greater than the 24-hour recalls.  Additionally, both instruments demonstrated 
responsiveness to the dietary intervention. 
 Bogers et al. (2004) conducted a similar study of reproducibility (i.e, 
agreement between measures), relative validity and responsiveness to change of 
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an 8-item brief FFQ to measure fruit and vegetable intake.  Of interest, the 
reference markers for dietary intake used in this study were biomarkers (plasma 
vitamin C and carotenoids) instead of another self-report method (i.e., 24-hour 
recalls).  Participants in this study were mothers with children ages 7-10 years.  
They were sent the initial brief FFQ with a letter inviting them to participate in the 
study.  Those who returned the survey and initial brief FFQ were then asked to 
return to the study center 1 month later to complete the brief FFQ a second time 
and to have their blood drawn.  At this time, subjects were also randomized to 
receive (or not) a one-month dietary intervention designed to increase their fruit 
and vegetable intake.  One month after the intervention, all participants 
(experimental and control) returned to again complete the brief FFQ and to have 
blood drawn.  Lastly, one year from the second visit (pre-intervention), subjects 
returned to again complete the brief FFQ: no biomarkers were tested at this time.  
When viewing the results of the reproducibility assessment of the brief FFQ, after 
1 month the correlation was 0.73 for total vegetable consumption and 0.80 for 
total fruit consumption.  After 1 year the reproducibility assessment of vegetable 
consumption was about the same 0.81 whereas that for fruit consumption 
decreased to 0.62.  In terms of correlations with the chosen biomarkers studied 
to assess the instrument’s ability to detect change, the author’s concluded that 
the brief FFQ studied was able to rank subjects according to change in fruit and 
vegetable consumption. 
 In summary, although brief FFQs are not perfect, they do have the benefit 
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of reduced participant burden that is found with longer FFQs, food records, and 
multiple 24-hour recalls.  In addition, measurement error resulting from 
participant “boredom” when completing longer FFQs is reduced.  Moreover, brief 
FFQs are designed to allow for measurement of targeted food groups.  Further, 
brief FFQs are associated with reduced cost related to both measurement and 
analysis as the time needed to complete and analyze the data is shorter than that 
of longer FFQs.  Finally, brief FFQs have been used in intervention studies 
where the main outcome measure was change in dietary intake.  Given these 
benefits, a brief FFQ emerges as an appropriate research measure of dietary 
assessment of fruit and vegetable intake in women of low SES. 
The BRFSS Fruit and Vegetable Module 
 Overview.  The Behavioral Risk Factor Surveillance System (BRFSS) 
Fruit and Vegetable Module is a brief FFQ that has been used to measure fruit 
and vegetable intake in intervention trials.  The BRFSS is a state-based system 
of health surveys created by the Centers for Disease Control and Prevention in 
1984 (Nelson et al., 2001). The content of the BRFSS survey includes questions 
regarding demographics and a number of health behaviors.  Surveys are 
conducted over the telephone in all 50 states.  There is a core set of questions 
associated with the survey as well as a set of “modules” which can be added to 
the survey based upon the needs of each individual state.  Using the BRFSS, 
data has been collected on all 50 states since 1993, and in 2011 more than 
500,000 interviews have been conducted using the BRFSS (CDC, 2011).    
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 The BRFSS Fruit and Vegetable Module is a short 6-item brief FFQ 
(without instruction regarding portion size) used to assess the average number of 
servings of fruit and vegetables consumed by survey participants.  Since the 
inception of the BRFSS and the Fruit and Vegetable Module, there have been a 
number of studies conducted that have examined the validity and reliability of this 
survey measure.  In 1993, Serdula et al. evaluated the BRFSS Fruit and 
Vegetable Module in five diverse populations in different cities and states across 
the United States (Serdula et al., 1993). The reference dietary intake assessment 
tools used for the validation study were multiple 24-hour recalls and food records 
and an “extensive” FFQ.  Validity assessments were made by comparing 
correlation coefficients between the intakes measured by the BRFSS Fruit and 
Vegetable Module and the intake measurements made by the other tools.  
Coefficients were adjusted for age and sex in two of the five sites, for age only in 
one of the sites, and for age and race (black, white) and sex in one site.  
Additional statistical adjustments were made to account for the attenuation of the 
true correlation due to intra-individual variation in consumption.  Finally, for the 
sites that included more than 100 participants, correlations were stratified by 
socio-demographic characteristics. From their correlation analyses, the authors 
demonstrated that the BRFSS Fruit and Vegetable Module showed intake 
estimates that were generally similar to intakes measured by multiple diet 
records and 24-hour recalls (r=~0.50).  Though, the BRFSS Fruit and Vegetable 
Module intake estimates were lower than those estimated by the extensive FFQ, 
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the authors attribute this difference to the shared measurement error between 
the extensive FFQ and the BRFSS module.  In addition, the magnitude of the 
correlations between the BRFSS reference method assessments did not vary 
consistently by age, sex or education.  The authors conclude that the BRFSS 
Fruit and Vegetable Module can be a “useful surveillance tool for assessing fruit 
and vegetable intake in the U.S.” (Serdula et al., 1993, p. 462). 
 In 1997, Smith-Warner et al. conducted an assessment of the reliability 
and comparability of three dietary assessment measures: 3-day diet records, a 
153-item FFQ, and a brief FFQ or “module” (the BRFSS Fruit and Vegetable 
Module).  Using the participants in the control arm of a 1-year intervention trial, 
the authors used a comparison of mean intakes of 3-day diet records, 1-month 
FFQ and the BRFSS Fruit and Vegetable Module and correlated baseline and 3-
month intakes for each method.  To assess comparability of the methods, they 
used 15 diet record days, 1-year FFQ data and data from the module completed 
at the 12-month study visit and calculated correlation coefficients of the pair-wise 
combinations.  In addition, they calculated agreement in intake quintile 
assignment.  They concluded from their analysis that, although there was some 
discrepancy between measures in terms of absolute intake and rankings when 
stratified by quintiles, intakes of fruit and vegetables were highly reproducible for 
each method (r=0.54), and the comparability of the methods was deemed 
moderately high (diet record vs. module, r=0.56; FFQ vs. module, r=0.63).  When 
the results are converted to a percentage format, the module performed similarly 
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to the diet records in tracking fruit and vegetable changes at 3 months (personal 
communication, Latetia Moore Freeman, CDC).     
 Nelson et al., (2001) published a review of the reliability and validity 
studies associated with the BRFSS, including the Fruit and Vegetable Module.  In 
studies that examined the reliability of the BRFSS Fruit and Vegetable Module, 
when survey data was compared with FFQs, correlation coefficients ranged from 
0.37-0.82 (for grouped fruit and vegetables).  When data from the module was 
compared with diet records and diet recalls, correlation coefficients ranged from 
0.44-0.76.   In studies assessing the validity of the BRFSS Fruit and Vegetable 
Module, when survey data was compared with FFQs, the correlation coefficients 
ranged from 0.47-0.63, and when compared with diet records and diet recalls, 
the correlation coefficients ranged from 0.29-0.56. As a part of their review, 
Nelson et al. rated the quality of the data used in the review process by assigning 
an A, B, or C level: level A, “several good quality studies specific to BRFSS”, 
level B “one or very few BRFSS-specific studies in addition to several non-
BRFSS studies with similar questions”, level C, “limited information from one 
BRFSS-specific study or a few non-BRFSS studies with similar questions”.  
Overall, Nelson et al., concluded that the BRFSS Fruit and Vegetable Module 
exhibited moderate reliability, level A and moderate validity, level B. 
 More recently, Kim and Holowaty (2003) conducted a review (1980 
forward) of brief, “validated” instruments used to measure fruit and vegetable 
intakes in adults.  For their analysis, only instruments that contained ≤16 items, 
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were able to be completed in 10 minutes or less, and included validation testing 
results were included.  The final number of instruments in their analysis was 
n=10.  Their results suggested greater validity with survey instruments with a 
moderate number of fruit and vegetable items and included questions on portion 
sizes and consumption of mixed vegetable dishes; consistent with the BRFSS 
Fruit and Vegetable Module.  Additionally, it was suggested that the inclusion of 
portion size models and photos allowed for more accurate measurement across 
a range of intakes.  Finally, their review concluded that “instruments such as the 
BRFSS Fruit and Vegetable Module that are relatively less valid, but that may be 
fairly reliable for quantifying fruit and vegetable intakes may still be useful in 
tracking mean fruit and vegetable intakes (including the monitoring of changes in 
response to interventions) over time” (emphasis mine) (Kim & Holowaty, 2003, p. 
445).  
 Intervention studies that used the BRFSS Fruit and Vegetable 
Module.  A number of intervention trials have been conducted in which the 
BRFSS Fruit and Vegetable Module was used as the main outcome measure 
(Johnson et al., 2004; Blanchard et al., 2007; Abusabha et al., 2011; Hu et al., 
2014).  In a study published in 2004 in the journal Preventing Chronic Disease, 
Johnson et al. (2004) used the BRFSS Fruit and Vegetable Module as their main 
outcome measure in an intervention trial aimed at increasing fruit and vegetable 
intake in homebound elders by providing home delivery of fruit and vegetable 
baskets as a supplement to a Meals on Wheels program.  Using the BRFSS Fruit 
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and Vegetable Module, the researchers were able to detect a difference in mean 
servings consumed by study participants of 1.04 (95% CI, 0.68-1.95, p<.001) 
over the five-month intervention period.  Another study by Abusabha et al. (2011) 
published in the Journal of the American Dietetic Association, used the BRFSS 
Fruit and Vegetable Module to measure change in fruit and vegetable intake in 
an intervention trial of a mobile fresh produce truck, which sold fruit and 
vegetables at a discount to low-income seniors living in housing developments. 
In this study, the researchers were able to detect an increase in intake of fruit 
and vegetables of 0.46 servings per day (p=0.1880).  Although this increase was 
not statistically significant, when the change in fruit and vegetable intake was 
analyzed separately, they showed a significant increase in vegetable intake of 
0.3 servings when potatoes were excluded and 0.6 servings per day when 
potatoes were included in the analysis (p=0.027).  Fruit consumption remained 
unchanged in this study.   
 Given the totality of the research reviewed above, it appears that use of 
the BRFSS Fruit and Vegetable Module (which includes a moderate number of 
fruit and vegetable items, questions on portion sizes and the consumption of 
mixed dishes) with the addition of photos which show portion sizes of common 
fruits and vegetables would be an appropriate, “valid”, (and importantly) reliable 
tool to use to measure fruit and vegetable intake.     
Pilot and Feasibility Studies 
     Why conduct pilot and/or feasibility studies?  According to van Teijlingen 
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et al. (2001), pilot studies are “a crucial step in the research process” (p.292).  
This statement can be viewed as particularly salient in the current research 
climate where funding agencies put increasing importance on preliminary work 
prior to the conduct of a large-scale, publically funded controlled trial (Thabane et 
al., 2010; Leon et al., 2011; Whitehead et al., 2014).  As such, a number of 
granting agencies are recognizing and endorsing pilot studies (Arnold et al.,2009) 
as a relevant means of vetting potential problems with research design, 
implementation, etc. before approving funds for larger trials (van Teijlingen & 
Hundley, 2002; Thabane et al., 2010; Leon et al., 2011).   
     Recently, a number of researchers have developed and proposed standards 
to guide the design and conduct of pilot and feasibility studies to insure that they 
fulfill their purpose (Bowen et al., 2009; Thabane et al., 2010).  Bowen et al., 
(2009) suggest that feasibility studies are useful to answer three important 
questions with regard to the development and conduct of a larger-scale trial: Can 
it work?, Does it work? and Will it work?  The question to be answered, and how 
one might answer it, depends upon the development phase of the proposed 
project and the area of focus chosen.  Areas of focus include such topics as 
“acceptability”, “demand”, “implementation”, etc.  Using this organizational 
scheme, researchers are better able to target specific areas of the study design 
to allow for the collection of the most relevant data to evaluate the potential for a 
study’s success. 
     Thabane (2010) presents a classification scheme, which she states can be 
  
49 
used to group the myriad of reasons why one might conduct a pilot or feasibility 
study.  These classifications are: process, resources, management, and 
scientific.  Process rationale, for example, relate to the assessment of feasibility 
of the steps that need to occur as a part of the main study.  Resource rationale 
relate to the assessment of time and budget.  Similar to Bowen et al. (2009), 
Thabane et al. point to the need for an organized, well thought out approach to 
pilot and/or feasibility studies in effort to insure the most relevant information is 
obtained. 
     Regardless of organizational scheme or definition used, it appears that the 
main reason to conduct a pilot and/or feasibility study is to answer questions 
related to the design and practicability of a larger-scaled trial.  Given this intent, it 
is not uncommon for pilot and/or feasibility studies to be conducted for research 
that will test novel interventions (or an intervention in a novel population).   
     Why conduct a pilot and/or feasibility study for the dissertation 
research?  Although implementation intention interventions have been studied to 
modify dietary behaviors (including promoting fruit and vegetable intake), to date 
these intervention trials have only been conducted using (mostly) white university 
students of mid-socioeconomic status.  There are no reports in the literature 
where an implementation intention intervention has been tested exclusively in 
low socioeconomic multi-racial/ethnic populations.  As such, it is an unknown if 
an intervention trial using an implementation intention is feasible in this group.   
     Given that granting agencies (e.g., NIH, NHLBI) are requiring representative 
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inclusion of ethnic and other health disparate groups in research designed to 
study health outcomes, it is of significance that the feasibility of including these 
groups in implementation intentions (as well as other health behavior change) 
research is studied (NIH, 2005; NHLBI, 2005). 
     It has been shown that low socioeconomic status and race/ethnicity do impart 
of number of challenges to the conduct of research studies not seen in research 
involving higher socioeconomic groups (Ejiogu et al., 2011).  As outlined by 
Ejiogu et al., these challenges frequently occur in subject recruitment.  Table 2. 
from Ejiogu et al. outlines some of the barriers to recruitment of low 
socioeconomic multi-racial/ethnic research participants and includes the 
references to the papers in which the barrier was identified and defined.   
 
Table 2. Barriers to recruitment of low socioeconomic multi-racial/ethnic research 
participants 
 
Individually-based barriers to participation 
Fear of being used as a “guinea pig” (Wilets et al., 2003) 
Mistrust of government entities (UyBico et al., 2007) 
Time required to participate is too much (Keyzer et al., 2005) 
Economic constraints and inability to take time off from work (G.M. Corbie-Smith, 2004) 
Inability to participate because of existing medical problems (Bolen et al., 2006) 
Transportation to and from research location (Blanton et al., 2006) 
Community-based barriers to participation 
No real-time benefit to participants (G.M. Corbie-Smith, 2004) 
Exploitation of a vulnerable population (LaViest et al., 2000; Wipke-Tevis & Pickett, 
2008) 
Inadequate knowledge concerning the need for medical research (Wilets et al., 2003) 
 
Adapted from Ejiogu et al., 2011 
      
       Many of these barriers are reiterated by Daunt in her publication of how 
ethnicity and socioeconomic status impact recruitment rates in clinical research 
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studies (Daunt, 2003).  In addition to describing the challenges of recruiting 
minority/low SES groups for clinical research, Daunt goes on to describe a 
number of successful recruitment strategies that have been used.  Included in 
this discussion is the varying impact that telephone versus in-person recruitment 
may have.  Although some studies have suggested that in–person contact may 
be a more effective recruitment strategy, others suggest that telephone contact 
can be just as effective (Moore, 1997; Stark et al., 2002).  Investigators in this 
area of research agree that recruitment of non-traditional research participants is 
not a “one size fits all” approach and advocate for more research which can shed 
light on recruitment challenges (Daunt, 2003; Durante et al., 2007).  It is in this 
spirit that a pilot or feasibility study that focuses on the domain of subject 
recruitment can add to the limited data available. 
     Pilot and/or feasibility studies: Definitions.  Despite published definitions 
by a number of individuals and groups to delineate their differences, the terms 
“pilot” and “feasibility” as they relate to research continue to be used 
interchangeably in the literature.  The National Institute for Health Research 
Evaluation, Trials and Studies Coordinating Centre (NETSCC), an agency that 
funds valuable independent research for health and social care decision-makers 
in the United Kingdom, defines pilot studies as “a smaller version of the main 
study used to test whether the components of the main study can all work 
together” (NETSCC website, 2015).  The focus of a pilot study is suggested to be 
the processes of running the main study.  Feasibility studies, on the other hand, 
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are defined as “pieces of research done before the main study in order to answer 
the question ‘Can this study be done?’” (NETSCC website, 2015).  Information 
obtained from feasibility studies should be used to estimate important parameters 
that are needed to design the main study (NETSCC website, 2015).   
       In contrast, Arnold et al. (2009) put forth three terms to describe pilot 
research: pilot work, pilot study, and pilot trial.  Pilot work is defined as any 
background research that informs a future study.  Pilot study is used to describe 
a research study with a specific hypothesis, objective, and methodology.    A pilot 
trial is used to describe a “stand alone” study that includes a randomization 
procedure.  In addition to these definitions, Arnold et al. suggest that the term 
“feasibility” as in feasibility study should not be used as the authors feel that this 
term does not reflect the scope of many pilot studies. 
       Thabane et al. (2010) take a different approach to Arnold et al., and do not 
distinguish between pilot and feasibility studies; noting instead that the terms are 
used interchangeably.  They do suggest, though, that the main focus of a pilot 
study should be to “guide the planning of a large-scale investigation” (Thabane et 
al., 2010).   
       Leon et al. (2011) are more specific in their definitions of pilot and/or 
feasibility studies.  These authors view pilot studies as a mechanism within which 
a number of domains of feasibility can be assessed:  recruitment, randomization, 
retention, assessment procedures, new methods and implementation of a novel 
intervention (Leon et al., 2011).    They also state that pilot studies are not 
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designed for, nor should their goal be, hypothesis testing.  Additionally, safety, 
efficacy and effectiveness should not be evaluated in a pilot study.  As such, pilot 
studies do not allow for the estimation of an effect size (an outcome that has 
frequently been used as an outcome in pilot study research) (Kraemer et al., 
2006; Thabane et al., 2010).   
     Whitehead et al. (2014) conducted a review of the literature to better refine 
the definitions of pilot studies, feasibility studies and randomized controlled trials.  
What emerged is confirmation of continued confusion around the terms used. 
One point they did find that distinguished a pilot study from a feasibility study is 
that a pilot study had a “stricter study methodology” (Whitehead et al., 2014, p. 
131).  For example, a pilot study was often used to justify the sample size of the 
larger trial.  A second point was that a pilot study almost always had an intention 
specified for further work.  Additionally, pilot studies were most often conducted 
as a “smaller version of the main study” (Whitehead et al., 2014, p. 132).  This 
included the use of a control group and randomization scheme.  Finally, they 
suggested that the focus of a pilot study was the “trial processes” (Whitehead et 
al., 2014, p. 132).  With these points in mind, Whitehead et al. state that all pilot 
studies are feasibility studies, but feasibility studies are not all pilot studies.  For 
these authors, a pilot study is “a special type of feasibility study which has a plan 
for further work and mimics the envisioned definitive trial” (Whitehead et al., 
2014, p. 133). 
     Although not providing specific definitions of pilot studies and feasibility 
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analyses, the Medical Research Council of the UK does include information 
regarding pilot studies and feasibility analyses in their guidance paper (Craig et 
al., 2008).  Specifically, the Council suggests that pilot and/or feasibility studies 
are useful to determine issues with acceptability, compliance, delivery of the 
intervention, recruitment and retention, and smaller than expected effect sizes 
that often undermine intervention research (Craig et al., 2008).  Similar to 
Kraemer et al., (2006) and Leon et al. (2011), but in contradiction to (Lancaster et 
al., 2002), the Council also states that pilot studies should not be used to provide 
estimates of effect size which may be used when designing the main trial.  
Additionally, they note that pilot studies do not have to be mini versions of the 
planned main study.  Rather, they suggest, pilot and/or feasibility studies should 
focus on evaluating the uncertainties that have been identified in study 
development. 
     In sum, it would appear that there still remains ambiguity with regard to what 
pilot and/or feasibility studies are and are not.  A review of the literature that 
outlines “best practices” may provide greater clarity. 
     Pilot and feasibility studies: Best practices.  Although there has been 
confusion in the literature about what constitutes a pilot and/or feasibility study, a 
couple of points of differentiation can be extracted from the “best practices” 
literature.  First, pilot (not feasibility) studies can be used for hypothesis testing, 
effect size estimates and other statistical analyses, and as such, these statistics 
can be included in any pilot study report.  Second, pilot and/or feasibility studies 
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should be constructed with fidelity to a main study as best as is possible.  
Although not always the case, pilot and/or feasibility studies tend more than not 
to include randomization and a control group if this is the design that will be 
included in the main study, as fidelity of study design (i.e., including both and 
intervention and control group in the study) will allow an analysis for both groups; 
an opportunity that would be lost should only the intervention (or control) group 
be included.  Third, reporting of any feasibility research should include a rationale 
for why feasibility analysis is being assessed through piloting.  Similarly, reports 
of feasibility analyses should include the objective measures that will be used to 
determine the success or failure of the pilot and/or feasibility study, and this 
outcome should be reported. 
     Terms used for the dissertation research.  As conceived, the dissertation 
research includes elements of both a pilot study and a feasibility study as they 
have been outlined above.  While maintaining fidelity to best practices, elements 
from both are needed as we are testing a relatively new intervention 
(implementation intentions) in an underserved population (women of low SES).  
The pilot study will include randomization of an intervention and control group as 
this reflects the design of a main trial.  The pilot study will result in a 
determination of an effect size as well as preliminary hypothesis testing regarding 
the efficacy of the intervention.  Elements of a feasibility study will include a 
rationale as to why we are evaluating feasibility through piloting, and objective 
measures will be constructed and evaluated in order to determine the “success 
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or failure” of the study.  As such, for the purposes of this dissertation, I will use 
the terms pilot study and feasibility analyses to reflect the inclusion of elements 
from both.  The term pilot study will be used to refer to the intervention trial which 
is the same in design as a main study, generates information that may be used to 
determine sample size (e.g., effect size, variance, etc.) for a main trial, and may 
include preliminary hypotheses testing. Included in the use of this term is the 
notion that, as a pilot study, the dissertation research may include a plan to 
conduct a main study once the pilot study is complete, but it is not incumbent 
upon the pilot study research group to move forward with the main trial.  I will use 
the term feasibility analyses to describe the research efforts to evaluate the 
processes used in the conduct of the pilot study (e.g., recruitment, 
randomization, retention, assessment procedures, new methods and 
implementation of a novel intervention (Leon et al., 2009)), to inform future 
planned or unplanned studies.  The feasibility analyses will allow for the 
determination of whether or not a main trial can be conducted (i.e., is it feasible?) 
as well as to determine modifications that may be required to the research design 
to allow for successful conduct of a larger, hypothesis testing study.   
Nutrition Facts label use in women of low SES 
 Overview.  The mandate for Nutrition Facts labels on manufactured foods 
was established as part of the Nutrition Labeling and Education Act of 1990 
(NLEA) and was designed to provide consumers with “accurate and reliable” 
information regarding the nutrient content of food products (Nutrition Labeling 
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and Education Act of 1990).  Currently, Nutrition Facts labels are required on all 
foods regulated by the Food and Drug Administration (FDA).  Information that is 
required to be indicated on Nutrition Facts labels include serving size, number of 
servings, total energy, energy from fat, total fat, saturated fat, cholesterol, 
sodium, carbohydrates, dietary fiber, sugar, protein, vitamin A, vitamin C, 
calcium, iron, and trans fat (Food and Drug Administration, Center for Food 
Safety and Applied Nutrition web site.).  Nutrients included on the Nutrition Facts 
label were chosen for their role in chronic disease etiology and/or nutrient 
deficiency (Taylor CL & Wilkening VL, 2008).  In effort to enhance interpretation 
of the information on the Nutrition Facts label, a percent daily value for nutrients 
based upon a 2,000 calorie per day diet is included.   
 Who uses Nutrition Facts labels?  Information regarding use of Nutrition 
Facts labeling in the United States suggest that, on the whole, 45-80% of adults 
report reading food labels (Satia et al., 2005; Blitstein & Evans, 2006; Ollberding 
et al., 2010; Chen et al., 2011).  Numerous studies have evaluated socio-
demographic characteristics of Nutrition Facts label users and found that age, 
sex, level of education, income and household size influence label use 
(Ollberding et al., 2010).  In 2005, Satia et al. conducted a cross-sectional survey 
of 658 African Americans aged 20-70 years to determine the demographic, 
behavioral and psychosocial factors that contribute to dietary intake in African 
Americans.  Measurement of frequency of label use was determined using 6 
questions, the first of which was a question about how often respondents read 
  
58 
nutrition labels when purchasing packaged foods.  For all questions, respondents 
could answer with “usually”, “often”, “sometimes”, and “rarely/never”.  Their 
results suggested that there was widespread use of Nutrition Facts labeling, with 
78% of participants reporting they accessed Nutrition Facts labels at least 
“sometimes”.   Additionally, they reported that nutrition label use was greater for 
women, older adults (ages 50-70 years), and education beyond high school.    
Blitstein & Evans, (2006) surveyed by telephone 1139 households from a 
sample of adults 18 years or older in all 50 states and the District of Columbia 
using a single-stage, equal-probability sampling design with random-digit dialing.  
Respondents were asked to report on how frequently they used the Nutrition 
Facts label when making food purchasing decisions, with response indicated 
using a 4-part, Likert-type response set including “always or almost always”, 
“sometimes”, “rarely” and “never”.  Their analysis suggested that females 
significantly more than males (58.9% vs 39.1%), and individuals with higher 
education significantly used Nutrition Facts labels more frequently. In interpreting 
these findings it should be noted that their response rate was low (28%).   
Using data from the 2005-2006 National Health and Nutrition Examination 
Survey (NHANES), as well as information obtained from an in-home interview, 
Ollberding et al. (2011) investigated patterns of food label use among a 
representative sample of the US population (n=5,502 “users”, n=4,454 “non-
users”).  As part of the interview, participants were asked how often they used 
Nutrition Facts label when deciding to buy a food product which possible 
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responses being “always”, “most of the time”, “sometimes”, “rarely”, “never”, or 
“never seen”.  Similar to previous studies, Ollberding et al. reported a higher 
frequency of nutrition label reading among women with greater education and 
income.  Interestingly, they also reported more frequent use of food labels among 
non-Hispanic whites; a result which is inconsistent with a number of other studies 
which showed no differences in food label reading by race or ethnicity (Guthrie et 
al., 1995; Kim et al., 2001; Blitstein & Evans, 2006).    
  Chen et al. (2011) evaluated the associations between sociodemographic 
and psychosocial characteristics and frequency of food label use in US adults.  
For their study, data from the 1994-1996 Continuing Survey of Food Intakes by 
Individuals and the Diet and Health Knowledge Survey were used.  Food label 
use was determined using 20 questions about participant use of food labels 
including frequency of use.  Their results were similar to Satia et al. (2005) as 
they demonstrated that approximately 80% of Americans reported using food 
labels.  In addition, they determined that food label use was highest among non-
Hispanic white women of high SES, and lowest among non-Hispanic black men 
of low SES.   
 In summary, it appears that the overall frequency with which individuals 
residing in the US use Nutrition Facts labels is relatively high.  Socio-
demographics of those using the Nutrition Facts labels suggest high rates of use 
among white women with higher levels of education and income, although the 
data on race/ethnicity are somewhat equivocal.    
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  Nutrition Facts label use and fruit and vegetable intake.  Research 
conducted on Nutrition Facts label reading and dietary intake has demonstrated 
an increase in overall diet quality with increased frequency of Nutrition Facts 
label use (Kim et al., 2001; Perez-Escamilla & Haldeman, 2002; Cha et al., 2014; 
Miller et al., 2015).  As fruit and vegetable intake is part of a healthy diet and 
contributes to an increase in diet quality, research which has looked specifically 
at whether or not frequency of Nutrition Facts label reading is associated with 
higher levels of fruit and vegetable intake is of interest, particularly as it relates to 
the dissertation research. 
 Trudeau et al. (1998) related Nutrition Facts label reading to fruit and 
vegetable intake.  Using a telephone survey, they queried 1,450 men and women 
regarding demographic characteristics, health status, health related behaviors 
(including Nutrition Facts label reading frequency), and psychosocial factors.  
Fruit and vegetable intake was measured using a 6-item food frequency-type 
questionnaire. With regard to Nutrition Facts label reading, they demonstrated a 
significant difference (increase) in both fruit and vegetable intake with increased 
frequency of label reading (0.32 servings per day for fruit, p=<.001, and 0.29 
servings per day for vegetables, p=<.001). 
 In 2012, Graham & Laska studied whether or not Nutrition Facts label 
reading mediated the relationship between attitude toward healthy eating and 
diet quality.  As part of this cross-sectional, on-line survey, 1201 college students 
in Minnesota were asked about the frequency with which they read Nutrition 
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Facts labels and their intake of a number of foods/nutrients including fruit and 
vegetable intake was measured using the “All-Day Fruit and Vegetable Screener” 
from the Eating at America’s Table Study (Thompson et al., 2002).  As part of 
their analyses they evaluated the relationship between the frequency of Nutrition 
Facts label reading and whether or not subjects met the recommended intake of 
fruit and vegetables.  The results of this analysis suggested that individuals who 
indicated that they read Nutrition Facts labels “often” or “always/almost always” 
met the recommendation for fruit and vegetable intake more frequently than 
those who indicated that they read the labels “never/rarely” or “sometimes” (5.3% 
vs 6.1%, p<0.001).   
 As the previously reviewed research suggests, diet quality in general and 
fruit and vegetable intake specifically improves with increased frequency of use 
of Nutrition Facts labeling.  With the exception of one study which evaluated label 
use in an exclusively African American population (Satia et al., 2005), most if not 
all of the research to date has investigated Nutrition Facts label reading in the 
context of a representative sample of the US population.  To our knowledge, 
there has been no research to date that looks at the frequency of Nutrition Facts 
label reading and/or how it may be associated with fruit and vegetable intake 
exclusively in women of low SES.   
Summary 
 In summary of this and the previous two chapters, the dissertation 
research will explore a number of questions related to diet quality in women of 
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low SES.  In the chapter that follows, we explore the constructs of the Theory of 
Planned Behavior as potential determinants of intention to consume and intake of 
fruit and vegetables in women of low SES.  Following this study, and presented 
in chapter 5 of the dissertation, we explore the feasibility, acceptability and 
efficacy of an implementation intention intervention - based upon the Theory of 
Planned Behavior - to improve diet quality (in the form of increased fruit and 
vegetable intake) in women of low SES.  Then finally in chapter 6 of the 
dissertation we explore agreement, feasibility, and acceptability of two measures 
of dietary intake as well as the frequency of Nutrition Facts label reading in this 
group. 
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CHAPTER FOUR 
Theory of Planned Behavior to Describe Fruit and Vegetable Intake in 
Women of Low Socioeconomic Status   
Abstract 
Objective 
 Fruit and vegetable intake is an important modifiable risk factor for chronic 
diseases.  This is particularly true for low socioeconomic status (SES) 
populations who demonstrate lower rates of fruit and vegetable intake and higher 
rates of chronic diseases when compared to higher SES groups.  The Theory of 
Planned Behavior (TPB) is one theoretical model that has been studied to 
explain and influence individual health behaviors, including fruit and vegetable 
intake, in middle class populations, but has not been evaluated in an exclusively 
low SES groups.  As such, it is unknown whether the TPB is useful to explain 
intention to consume and intake of fruit and vegetables in this population.   
Methods 
 Data for this ancillary study come from female participants enrolled in a 
cluster randomized controlled trial conducted among Boston Public Housing 
developments: “Healthy Families”. Demographics, body mass index, Theory of 
Planned Behavior variables (attitude, perceived behavioral control, goal intention 
strength) were measured via survey, and fruit and vegetable intake was 
measured using a brief FFQ at the one-year follow up survey for the Healthy 
Families study.  Bivariate correlation analyses were conducted to explore 
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relationships between variables, and stepwise regression analyses were used to 
fit two models: one to explain intention and one to explain behavior with regard to 
fruit and vegetable intake.     
Results 
 Participants (n=114) ranged in age from 25-69 years and were mostly 
African American/Black and Hispanic (21.9% and 73%, respectively).  Statistical 
significance was reached for the correlation between BMI and attitude (r = - 0.17, 
p=0.04), and BMI and fruit and vegetable intake (r = - 0.19, p=0.03) as well as 
between attitude and perceived behavioral control (r = 0.22, p=0.0069), and 
perceived behavioral control and fruit and vegetable intake (r = 0.19, p=0.03). 
The only variables which showed moderate, positive association were perceived 
behavioral control and goal intention strength (r = 0.38, p<.0001). Perceived 
behavioral control was the only significant predictor of highly positive intention to 
consume fruit and vegetables (OR=2.55, 95% CI OR: 1.23, 5.27) and FVI 
(R2=0.08; F [2,130]=5.72, p=0.0042) when BMI was included in the model.  
Conclusion 
 Our results show that perceived behavioral control (and not goal intention 
strength) and BMI are the most significant predictors of fruit and vegetable intake 
and explain only 8% of the variability in intake in our study population.  This 
supports prior research which points to an attenuation of the intention-behavior 
relationship by SES, and may call into question the utility of the TPB as it is 
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currently operationalized as a model upon which to base future health behavior 
research in low SES groups.   
Introduction 
 Increased consumption of fruit and vegetables is associated with 
decreased risk of cardiovascular disease, some cancers, and obesity (Hung et 
al., 2004; Bowing et al., 2012).  Although the US government has suggested that 
American’s increase their intake of fruit and vegetables to five servings per day 
(Healthy People 2010; McGuire, 2011), epidemiologic data suggest that most 
Americans have not attained intake levels that meet these guidelines.  The 
strongest disparity in intake is seen in people of low socioeconomic status (SES) 
compared to those of higher levels of income with 32.2% versus 32.9% 
consuming ≥ 2 servings per day of fruit and 22.0% versus 29.4% consuming ≥3 
servings of vegetables per day, respectively (Casagrande et al., 2007; Krebs-
Smith et al., 2010; Morbidity and Mortality Weekly Report, 2010).  Differences in 
fruit and vegetable intake between different socioeconomic groups is thought to 
contribute to the higher incidence of cardiovascular disease and obesity that is 
seen in individuals of low SES (Zhang & Wang 2004a; Zhang & Wang 2004b; 
Jemal et al., 2008; Stringhini, 2010).  
 Under-consumption of fruit and vegetables is thought to be the result of 
both individual and environmental factors (Kamphuis et al., 2006; Wang & 
Beydoun, 2007; Brug, 2008).  Theoretical models of behavior seek to understand 
individual-level factors which shape health behavior including diet (Glanz et al., 
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2008; Glanz & Bishop, 2010).  One model that was developed and is being 
studied to explain health behaviors is Ajzen’s Theory of Planned Behavior (TPB) 
(Ajzen, 1985; Ajzen, 1987, Ajzen, 1991; Ajzen, 1998). The TPB has been used 
as a theoretical foundation to both explain and to inform interventions designed 
to improve health behaviors including diet 
 The TPB is a model that extends the Theory of Reasoned Action (TRA) 
(Ajzen & Fishbein, 1975).   The TPB posits that intention (and ultimately 
behavior) can be predicted effectively by a person’s attitude (personal judgement 
about the behavior), subjective norms (other’s judgement about the behavior), 
and perceived behavioral control (the individual’s perceptions about whether or 
not he/she has the skills and means necessary to bring about successful 
performance of a goal intention).  Perceived behavioral control has influence on 
both goal intention and behavior and its influence depends upon the type of 
behavior and the nature of the goal intention.  In instances where attitudes are 
strong, or where subjective norms are powerful, perceived behavioral control 
may be less predictive of goal intentions.  But, when these factors are reduced, 
perceived behavioral control may play a more powerful role in goal intention 
strength, and as such may help the individual move more easily across the 
intention-behavior gap.  
 Although the TPB has been used to understand fruit and vegetable intake 
specifically in multi-ethnic (Blanchard et al., 2009), and overweight/obese 
(Gardner & Hausenblas, 2004) groups, to date we know of no study investigating 
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how TPB variables explain fruit and vegetable intake exclusively in women of low 
SES.  If the TPB could be used to predict health behaviors in women of low SES, 
we could then use the TPB as a foundation to develop interventions to improve 
health behaviors (like fruit and vegetable intake), which we know are performed 
with less frequency in this often under-represented group.  The goal of this cross-
sectional study was to evaluate whether the variables age, body mass index 
(BMI) and the TPB variables attitude, perceived behavioral control, and goal 
intention strength explain fruit and vegetable intake in women of low SES.  We 
hypothesized that attitude and perceived behavioral control would significantly 
predict goal intention strength, and goal intention strength would significantly 
predict of fruit and vegetable intake, consistent with the TPB.  Testing these 
hypotheses will provide insight into the Theory of Planned Behavior in women of 
low SES; information we hope can then be used to guide the development of 
effective strategies to increase fruit and vegetable intake in this often- 
marginalized group. 
Methods 
Participants and data collection.  Participants for this ancillary study 
were the mothers from the evaluation cohort of a parent study (“Reducing obesity 
in mother-daughter pairs in public housing” or “Healthy Families”).  Details of this 
study design have been published elsewhere (Quintiliani et al., 2014) (Appendix 
A). Briefly, the Healthy Families study was a cluster-randomized controlled multi-
intervention prospective cohort study conducted in 10 randomly selected Boston 
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Public Housing developments.  The study followed mother-daughter pairs for 1 
year. Measurements were taken from baseline to one-year follow-up. Multiple 
interventions were used in this study (e.g. walking groups, cooking 
demonstrations, health screenings). The main outcome for the parent trial was 
change in BMI.  Secondary outcomes were change in fruit and vegetable intake 
and physical activity.   
 For the current cross-sectional study, data were collected as part of the 
one-year follow up survey for the Healthy Families study (May through 
November, 2014).  In addition to a re-assessment of height and weight, attitude, 
perceived behavioral control, goal intention strength and fruit and vegetable 
intake were measured at this time.  The study was approved by the Boston 
University/Boston Medical Center Investigational Review Board. 
Demographic measures. Age, education level, and race/ethnicity were 
collected via survey.  Height was measured using a standard measuring tape, 
and weight was obtained using a digital scale.   
Theory of Planned Behavior measures.  Attitude, perceived behavioral 
control and goal intention strength were measured using 1 question each with a 
bipolar semantic differential scale for response as informed by the literature 
(Chapman & Armitage, 2012).  We did not measure subjective norms in this 
study for two reasons.  First, a recent meta-analysis by Armitage and Connor 
(2001) indicated that subjective norms were the weakest predictor of intention in 
the TPB across studies (Armitage & Conner, 2001; Conner & Sparks, 2005; 
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Louis et al., 2009; Emmanuel et al., 2012).  Second, we were cognizant of the 
significant participant burden associated with the survey (over 125 questions) 
and therefore only included questions that we felt were essential to the study.  
Attitude was measured using the question: “For me, increasing my daily intake of 
fruit or vegetables by one serving every day over the next month is…” to which 
subjects could respond on a scale between 1 and 7 anchored with “foolish” or 
“wise”.  Perceived behavioral control was measured using the question: “For me, 
increasing my daily intake of fruit or vegetables by one serving every day over 
the next month would be” to which subjects could respond on a scale between 1 
and 7 anchored with “difficult” and “easy”.  Goal intention strength was measured 
using the question: “I intend to increase my daily intake of fruit or vegetables by 
one serving every day for the next month.” Subjects could respond to this 
statement on a scale between 1 and 7 anchored with “disagree strongly” and 
“agree strongly”. 
Fruit and vegetable intake measures.  Fruit and vegetable intake was 
measured using the Behavioral Risk Factor Surveillance Survey Fruit and 
Vegetable Module (BRFSS FVM) (CDC, 2011), a 6-item self-reported 
questionnaire measuring frequency of fruit and vegetables eaten during the past 
30 days (Appendix B).  This measure has been validated in a similar population 
(Serdula et al., 1993) with a correlation between the BRFSS FVM and multiple 
24-hour diet recalls of 0.46.  The module includes an item designed to assess 
intake of potatoes excluding fried potatoes (e.g. French fries, potato chips) as 
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well as an item to assess intake of green salad. A pictorial reference for serving 
size was added to the screener to improve its validity (Serdula, et al., 1993; 
Smith-Warner et al., 1997; Kim & Holowaty, 2003).   
Analysis plan.  Assumptions regarding all data were tested prior to 
analysis.  Bivariate correlational analyses were conducted to assess the strength 
and direction of relationships among select variables for addition into the 
multivariable models.  Pearson product-moment correlation testing was used for 
normally-distributed continuous, and Spearmen’s rank correlation coefficient was 
used for categorical and ordinal measures.  Cochran-Mantel-Haenszel testing 
was conducted to test for associations between education and TPB variable 
scores, and ANOVA was used to test for associations between education and 
mean fruit and vegetable intake.  Strength of associations was assessed as 
suggested by Dancey & Reidy (2004).   
 Following the bivariate analyses, hierarchical regression analyses were 
conducted to examine the utility of the TPB to explain both goal intention strength 
(intention) and intake of fruit and vegetables (behavior).  Covariate additions to 
these models were guided by the aforementioned bivariate correlational 
analyses, the tenants of the TPB, and the literature (Louis et al., 2009; Connor et 
al., 2013).   
In the first series of hierarchical regression models, goal intention strength 
(dependent variable) was dichotomized into those who scored a “7” (most 
positive) for goal intention strength, and those who scored less positive (“1” 
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through “6”).  Logistic regression analysis was conducted using similarly 
dichotomized scores for TPB variables (attitude, perceived behavioral control, 
goal intention strength), BMI and indicator variables for race/ethnicity, level of 
education, and residence in either a control or intervention housing development 
for the parent study as predictor variables.  In step 1, control variables 
(education, race/ethnicity, housing development, BMI) were entered into the 
model.  In step 2, significant predictor variables from step 1 were retained and 
TPB variables were added. 
In the second series of hierarchical regression analyses, it was 
determined that both the linearity and homoscedasticity assumptions were 
violated.  As such, fruit and vegetable intake was transformed using the natural 
log, and TPB predictor variables were dichotomized with score 1 through 6 
assigned the value zero (0) and score 7 assigned the value one (1).  Hierarchical 
regression analysis was then conducted with fruit and vegetable intake 
(dependent variable) regressed on dichotomized TPB variables attitude, 
perceived behavioral control, and goal intention strength, BMI, and indicator 
variables for race/ethnicity, level of education and housing development. In step 
1, control variables (education, race/ethnicity, housing development, BMI) were 
entered into the model.  In step 2, significant predictor variables from step 1 were 
retained and TPB variables were added.   
For all tests, significance was set at α = 0.05.  Data were analyzed using 
SAS 9.3© (SAS Institute, Cary, NC).   
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Results 
Participant characteristics.  Participants who completed the 1-year 
follow up survey for the parent study were included in this analysis (n=144; 68% 
of the total sample) (Table 3.).  Participants had a mean age of 38.7 (sd 7.85), 
and ranged from 25-69 years of age.   Hispanic/Latina subjects comprised the 
majority race/ethnicity (73%), followed by black/African American (21.9%), white 
(5%) and Asian (1.5%).  Most of the participants had a less than high school 
education (32%) or were high school/GED educated (33.3%).  More than three 
quarters of subjects had a BMI that classified them as either overweight or obese 
(79%).   
Table 3. Socio-demographic and behavioral variables of participants 
 
 Totala 
n=144 
Age, years, mean (SD), range 38.7 (7.85) 25-69 
Race/Ethnicityb 
   Asian 
   Black or African American 
   Hispanic/Latino 
   White 
   Other 
   More than one 
 
2 (1.5)  
30 (21.9)  
100 (73.0) 
5 (3.7) 
10 (6.9) 
0 (0) 
Highest level of education 
< High school 
High school graduate/GED 
Some college or technical college 
College graduate 
Other 
 
46 (32.0)  
48 (33.3)  
33 (22.9) 
17 (11.8) 
0  (0) 
Adult BMI, kg/m2 31.1 (7.7) 
BMI classificationc 
Underweight BMI <18.5 
Normal weight 18.5-24.9 
Overweight 25-29.9 
Obese >30 
 
6 (4.2) 
24 (16.7) 
41 (28.5) 
73 (50.7) 
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Attitudes about fruit and vegetable intake (median (IQR) 7.00 (2.00) 
Perceived behavioral control (median (IQR) 6.00 (3.00) 
Goal intention strength (median (IQR) 7.00 (2.00) 
Fruits & vegetables, servings/dayd (mean(sd)) 3.28 (2.05) 
Fruits & vegetables, servings/daye (mean(sd)) 3.49 (2.16) 
aNumbers represent n (% unless otherwise noted) 
bSubjects were able to choose multiple answers 
cClassifications based upon CDC guidelines (CDC.gov) 
dBRFSS FVM, no potatoes  
eBRFSS FVM 
 
 Median TPB variable scores suggest that on average, participants 
reported positive attitude and goal intention strength towards eating more fruits 
and vegetables (median = 7.00, IQR=2.00; median = 7.00, IQR = 2.00, 
respectively).  Ratings of perceived behavioral control were less positive 
(median=6.00, IQR= 3.00).  The mean servings per day of fruit and vegetables 
for the group was 3.49 (sd=2.16).  
Bivariate analyses.  Bivariate analyses were initially conducted using two 
scores for fruit and vegetable intake: one including the question assessing potato 
intake and one without as consumption of potatoes is not associated with lower 
chronic disease risk (Hung et al, 2004) and may increase risk of type 2 diabetes 
in women (Halton et al., 2006)   Because results were similar, only the results 
using the measure of fruit and vegetable intake including potatoes (i.e. the entire 
BRFSS FVM) are reported.   
 Pearson product-moment and Spearman’s rank correlation coefficient 
testing found that most variables demonstrated a zero to weak correlation (Table 
4).  Statistical significance was reached for the negative correlation between BMI 
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and attitude (r = -0.17, p=0.04), and BMI and fruit and vegetable intake (r = -0.19, 
p=0.03).  A statistically significant positive correlation was found between the 
TPB variables attitude and perceived behavioral control (r = 0.22, p=0.0069), as 
well as between perceived behavioral control and fruit and vegetable intake (r = 
0.19, p=0.03).  The only variables which showed moderate, positive association 
were perceived behavioral control and goal intention strength (r = 0.38, p<.0001).   
 
Table 4. Correlations among study variables (n=144). 
 1 2 3 4 5 
1. Age      
2. BMI -0.01     
3. Attitude -0.05 -0.17*    
4. Perceived Behavioral Control 0.02 -0.04 0.22**   
5. Goal Intention Strength 0.11 0.08 0.09 0.38***  
6. Fruit/Veg Intake † -0.04 -0.19* 0.07 0.19* 0.08 
*p<.05; **p<.01; ***p<.0001 
†BRFSS FVM 
 
Results of Cochran-Mantel-Haenszel testing suggest no significant 
association between education and attitude, perceived behavioral control or goal 
intention strength (χ2MH=0.99, df=3, p=0.8035; χ2MH=3.01, df=3, p=0.3894; 
χ2MH=6.59, df=3, p=0.0858, respectively).  Results of the ANOVA suggest no 
significant difference in mean fruit and vegetable intake between education 
categories (F=0.74, df=3,133, p=0.5285).  
Multivariable modeling.  In the final logistic regression model (Table 5), 
perceived behavioral control was a statistically significant predictor of highly 
positive goal intention strength (χ2 model [5]=19.40, p=.0016; β = 0.94, p=.0115) 
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with an odds ratio of 2.55 (95% CI OR 1.23, 5.27).   Although level of education 
(High School/GED vs. College graduate) and parent study housing development 
residence reached statistical significance and were retained in the final model 
(βEDU=-0.74, p=0.0125, βDEV=-0.79, p=0.0367, respectively) the 95% CI for the 
odds ratio for each of these variables includes the null value of “1”, and as such 
an association between these variables and goal intention strength boarders on 
statistical significance.  No other variables reached statistical significance.    
 
Table 5. Logistic regression analyses for outcome highly positive goal intention 
strength using demographic, TPB and Healthy Families development predictor 
variables  
 
Predicting “highly 
positive” goal intention 
strength 
β SE β Wald’s χ2 df p eβ 
(OR) 
95% CI 
OR 
constant 0.44 0.34 1.65 1 0.20   
PBC 0.94 0.37 6.39 1 0.0115* 2.55 1.23, 5.27 
Education -0.74 0.30 6.23 1 0.0125* 0.29 0.09, 1.00 
Development -0.79 0.38 4.37 1 0.0367* 0.46 0.22, 1.00 
Model evaluation        
Global Test (attitude, 
PBC, development, BMI, 
education, 
race/ethnicity) 
  χ2 df p   
Likelihood ratio test   19.40 5 0.0016**   
Score test   18.46 5 0.0024**   
Wald test   16.61 5 0.0053**   
*p<.05; **p<.01; ***p<.0001 
PBC = perceived behavioral control 
 
 For the final linear regression model (Table 6), perceived behavioral 
control and BMI were the only significant predictors of fruit and vegetable intake 
(F [2,130]=5.72, p=0.0042; βPBC=0.03, p=0.0235; βBMI= - 0.02, p=0.0174) and 
explained 8% of the variance in fruit and vegetable intake.   
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Table 6. Linear regression analyses to predict FVI using demographics, TPB and 
Healthy Families development predictor variables  
 
VARIABLE (n=144) R2 F (df) p β 
Predicting behavior (Fruit and Vegetable intake)     
Attitude, PBC, goal intention strength, BMI, 
Development, education, race/ethnicity 
0.0809 5.72 (2,130) 0.0042**  
PBC 0.0371  0.0235* 0.30 
BMI 0.0438  0.0174* - 0.02 
*p<.05; **p<.01; ***p<.0001 
PBC = perceived behavioral control 
 
Discussion 
 Analysis of our cross-sectional survey of demographic, TPB variables and 
fruit and vegetable intake in a group of women of low SES yielded a number of 
interesting findings.  Contrary to our hypothesis, perceived behavioral control 
rather than attitude toward consuming fruit and vegetables was the main 
predictor for highly positive goal intention strength in our group.  Similarly, 
perceived behavioral control (with BMI) and not goal intention strength was 
significantly predictive of fruit and vegetable intake.  As perceived behavioral 
control is thought to play a greater role in driving non-volitional behavior (i.e. not 
under a person’s control), this finding suggests that for our study cohort, fruit and 
vegetable intake may be driven more by their assessment of their control over 
the behavior rather than how strongly they intend to perform that behavior.  In 
other words, attitude toward consuming fruit and vegetables is not sufficient to 
influence their intention, which, in turn, is not sufficient to drive their intake 
behavior. 
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 One possible reason for our finding of a limited role of intention to explain 
fruit and vegetable intake may be our study population; women of low SES, of 
multi-race/ethnicities who classify as overweight/obese. These population 
characteristics differ significantly from those of other groups studied using the 
TPB. We are aware of only one study applying the TPB to a multi-ethnic group.  
Blanchard et al., (2009) conducted a study to assess if ethnicity and gender 
“matter” when the TPB is used to understand fruit and vegetable consumption.  
Their results were similar to ours as they demonstrate perceived behavioral 
control as a significant predictor of intention, but inconsistent with our results, 
their results point to intention as a significant predictor of behavior to consume 
fruit and vegetables.  
 To explore the disparity between our findings and that of others further, we 
subjectively compared our scores for the TPB variables attitude, goal intention 
strength, and perceived behavioral control with scores obtained from the 
literature where the TPB was used as a theoretical foundation to explain fruit and 
vegetable intake in populations not including individuals of low SES (Verplanken 
and Faes, 1999; Kellar and Abraham, 2005; Armitage, 2007; Chapman et al., 
2009).  In general, our subjects scored as high if not higher than subjects in the 
four comparator studies for the variables attitude (mean±sd: 6.06±1.47 vs. 
6.23±0.60, 5.69±1.11, 5.06±1.14, 6.01±1.26, respectively), goal intention strength 
(mean±sd: 5.90±1.64 vs. 5.72±0.88, 4.79±1.49, 5.06±1.14, 5.39±1.50, 
respectively), and perceived behavioral control (mean±sd: 5.37±1.90 vs. 
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5.53±1.28, 5.40±1.78, 4.80±0.97, 5.43±1.28, respectively). These results suggest 
that there may be some difference(s) when the TPB is applied as operationalized 
or in the adequacy of the TPB to explain fruit and vegetable intake in women of 
low SES.   
 Studies using the TPB model to explain health behaviors in overweight 
and obese populations and have reported inconsistent results with regard to the 
strength of the intention – behavior relationship.  For example, Gardner and 
Hausenblas (2004) examined the utility of the TPB to explain diet and exercise 
behavior in a group of overweight women enrolled in a 4-week weight loss 
program.  They determined that intention was the sole predictor of participants’ 
diet adherence (behavior); consistent with the TPB model, but inconsistent with 
our findings.  In their study, neither attitude, subjective norm, nor perceived 
behavioral control were significant predictors of intention to adhere to a diet, 
which is inconsistent with our results.  Boudreau and Godin (2007) studied the 
TPB as a framework to understand intention to be physically active in a group of 
obese adults. Their results demonstrated that intention was explained by attitude 
and perceived behavioral control.  This is consistent with our results, which 
suggest a significant role for perceived behavioral control in explaining in goal 
intention.  
 The results of the aforementioned studies help to explain our results in 
terms of inconsistencies in significant predictors of intention and behavior when 
using the TPB to explain health behaviors in multi-ethnic, overweight and obese 
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subjects.  However, they do not help to explain the relatively small percentage of 
variability in behavior explained by the TPB found in our analyses.  Blanchard et 
al. (2009) reported intention as a predictor to consume 5-A-Day with an R2 of .17 
to .22.  Gardner and Hausenblas (2004) report intention as a predictor of 
behavior (positive dietary behaviors and exercise) with an R2 of .10. Other 
research using the TPB to explain and predict a variety of health behaviors has 
demonstrated that the theory variables account for more than 25% of the 
variability in the health-related behavior under study (McEachan et al., 2011).  
Studies that explored the TPB to explain fruit and vegetable intake produced 
similar numbers (above 25%) (Verplanken & Faes, 1999; Keller & Abraham, 
2005).  We were unable to demonstrate similar values, which suggest that for our 
study group there may be variables not accounted for by our research of the TPB 
(e.g., subjective norms, and/or other variables not included in the TPB) that play 
a greater role in explaining intake behavior. 
 One explanation for our findings of a decreased explanatory power for the 
TPB in women of low SES may be a lack of validity when the traditional 
measures of TPB theoretical constructs are used in this group.  Although the 
measures used in the present study were those suggested in the literature, much 
of the research used in the development and testing of health behavior theory 
(including the TPB) is based upon and operates under the assumption of the 
societal standard or norm:  white, urban, middle class, university students.  
Recently, researchers have made a strong case that traditional heath behavior 
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change research whose assumptions and methods are drawn from research on 
this “norm” and then seek to apply the same assumptions and methods to 
research using minority groups is problematic as this tactic implies a universality 
to the theories which has not been proven (Burke et al., 2009; Pasick et al., 
2009).   Pasick et al. and Burke et al. make a strong case that the application of 
traditional health behavior theory to minority groups as currently operationalized 
is problematic in many ways including a) the use of a single question to measure 
a particular behavioral construct, and b) the sentence structure used to measure 
behavior constructs, both of which may not be sufficient to capture nuances 
which may exist in these constructs for minority groups.  As such, it is possible 
that our measurement of TPB variables lacked “precision” which contributed to 
our findings. 
 Another possible explanation for our findings is the low socioeconomic 
status that characterized our study population and differentiates ours from the 
aforementioned research.  Conner et al. (2013) suggested that the intention-
health behavior relationship may be attenuated in lower SES samples. Our 
findings are consistent with this assertion as we found the intention – behavior 
relationship was reduced, and the “self-efficacy-behavior” relationship (self-
efficacy often being used as a proxy for perceived behavioral control) was 
maintained (Conner et al., 2013), although our R2 value was lower than the 
values Conner et al. (2013) reported.   
 The results from our cross-sectional survey have a number of implications 
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for dietary behavior change interventions targeting low SES, multi-ethnic, 
overweight or obese groups.  As our results suggest that perceived behavioral 
control is an important driver of behavior in this population, our results support 
the assertion by Conner et al. (2013) that the standard practice of targeting 
health behavior intentions (through programs which provide information on 
healthy eating, etc.) may not be effective. We suggest that it may be more 
efficacious to target barriers to perceived behavioral control in low SES women.  
Planning, such as asking individuals to identify specific actions before 
opportunities to enact behavior arise, has been suggested by a number of 
researchers as a helpful intervention to increase perceived behavioral control 
(Conner et al., 2013; Allan et al., 2013). Two recent meta-analyses (including one 
of the obesity literature) suggest that “action planning” (i.e. detailed planning 
where the individual determines the when, where and how a behavior is going to 
be performed) increases self-efficacy scores (Williams & French, 2011; Olander 
et al., 2013).  As such, interventions that assist individuals in planning health 
behavior change activities as a way of improving their perceived control over the 
behavior may be useful here.  Another intervention which may be effective, 
specifically for low SES groups, was proposed by Connor et al. (2013), who 
suggest that helping individuals overcome their inability to act on their health 
behavior intentions may be needed.  Specifically, Connor et al. (2013) suggest 
implementation intentions (which specifically target the ‘intention-behavior gap’) 
may prove useful in this population. 
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 Limitations to this study include the self-reported nature of the TPB 
variables and dietary intake measures. We chose the assessment methods used 
in this study specifically to balance the use of validated instruments with the need 
for brief measurements that would not be overly burdensome. It is also possible 
that the low-income residents of public housing who participated in this study 
may not be representative of other public housing residents or low-income 
populations in urban areas. Thus caution should be taken when generalizing our 
outcomes outside of public housing populations. 
Conclusion 
 In summary, the TPB was used as a framework to evaluate a number of 
cognitive processes associated with fruit and vegetable intake in women of low 
SES.  Our results show that perceived behavioral control and BMI are the most 
significant predictors of the variability in fruit and vegetable intake in our study 
population.  Results also support the attenuation of the intention-behavior 
relationship by SES, which has been demonstrated in prior research.  Future 
research which examines interventions that target perceived behavioral control 
and the “intention-behavior gap” (e.g. implementation intentions) in low income 
populations is needed to improve health behaviors in these often marginalized 
groups. 
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CHAPTER FIVE 
Implementation Intentions to Improve Fruit and Vegetable Intake in Women 
of Low Socioeconomic Status 
 
Abstract 
Objective 
 
 The Theory of Planned Behavior (TPB) and implementation intentions 
have been used effectively to explain and influence health behaviors, including 
fruit and vegetable (FV) intake, in middle class populations, but have not been 
evaluated in exclusively low SES populations.  Fruit and vegetable intake, often 
used as a proxy for diet quality, has been shown to be lower in low SES groups 
that also exhibit higher rates of chronic diseases.  Interventions to improve FV 
intake that are easy to implement and effective (like implementation intentions) 
are needed to improve diet quality and disease prevalence in low SES 
populations.  This research seeks to evaluate the feasibility, acceptability, and 
efficacy of an implementation intention intervention to improve FV intake in 
women of low SES.   
Design 
 Data come from participants in the cross-sectional study described in 
Chapter 4.  Arm 1: A pilot randomized controlled trial, which included feasibility 
analyses.  Baseline data for this study (demographics, TPB variables) were 
measured via survey and FV intake was measured at baseline and follow up 
using a validated brief food frequency questionnaire (FFQ).  Participants were 
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contacted approximately 1 month after baseline data collection and asked to 
create either a specific implementation intention using an “if…then…” format 
(experimental group) or a general plan (control group) to increase their FV intake 
by 1 serving each day over the next 30 days.  Fruit and vegetable intake was 
again measured 30 days after the intervention.  Bivariate correlations were 
conducted to explore relationships between variables, and changes in FV intake 
both within and between groups was evaluated using paired and independent t-
tests.  Feasibility data were collected over the course of the randomized 
controlled trial, analyzed, and compared with pre-determined feasibility targets.  
Arm 2: A qualitative analysis of semi-structured interview data obtained from 
participants in the experimental group post-study.  Results of the qualitative 
analyses were organized and presented using an analytical framework approach: 
variable assessment, the intervention, and study participation.     
Results 
(Arm 1) A total of n=20 subjects (n=11 control; n=9 intervention) were 
enrolled, age range 31-69 years, 75% African American and Hispanic.  Mean FV 
intake for the entire cohort at baseline was 3.31 (sd= 2.06) servings per day, and 
at follow up, 3.75 (sd=2.28) servings per day. Feasibility targets were met for 
randomization (100% vs. ≥80% target), retention (93.5% vs. ≥70% target) and 
the assessment metrics missing data points (2% vs. ≤10% target) and days from 
intervention to follow up (mean=69.2, sd=42.6 vs. <180 days).  Targets for 
recruitment were not met with the exception of participants giving informed 
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consent (100% vs. ≥70% target).  Limited hypothesis testing using paired and 
independent t-tests showed on average no change in FV intake for the 
experimental or control groups from baseline to follow up (experimental: +0.17 
servings per day, 95% CI: -0.85, 1.20;  t=0.40, df=7, p=0.70; control: +0.50 
servings per day, 95% CI: -0.56, 1.58; t=1.07, df=9, p=0.31) or between control 
and intervention groups showed no significant difference between groups (+0.33 
servings per day, 95% CI: -1.06, 1.73; t=0.51, df=16, p=0.62). (Arm 2) Qualitative 
data suggest that overall, subjects enjoyed participating in the study, found it 
motivating, liked the variable assessment questions and found them thought 
provoking and educational.  Participant’s also liked the process used to form their 
implementation intention.   
Conclusion 
Feasibility analysis suggests that this type of behavioral intervention is not 
feasible in a similar group, unless barriers to recruitment can be addressed.  Our 
qualitative analyses suggest that this type of intervention is acceptable and may 
have a motivational effect to promote positive dietary behaviors in this group.  
We were unable to demonstrate efficacy of the intervention.   Future research 
which examines interventions to promote positive health behavior change based 
upon the TPB and implementation intentions in low income populations is 
needed to determine the most appropriate, efficacious, cost effective and easy to 
implement interventions to improve health behaviors in these often marginalized 
groups. 
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Introduction 
 Fruit and vegetable intake below recommended levels is associated with 
multiple chronic diseases (Hung et al., 2004; Bowing et al., 2012).  Although the 
US government has suggested that American’s increase their intake of fruit and 
vegetables (McGuire, 2011), epidemiologic data suggest that most Americans 
have not attained these guidelines.  The greatest disparity between 
recommended and actual intake of fruit and vegetables is seen in people of low 
socioeconomic status (SES) compared to those of higher levels of education and 
income (Casagrande et al., 2007; Krebs-Smith et al., 2010).  Differences in fruit 
and vegetable intake between different socioeconomic groups is thought to 
contribute to the higher incidence of chronic disease that is seen in individuals of 
low SES (Zhang & Wang 2004a; Zhang & Wang 2004b; Jemal et al., 2008; 
Stringhini, 2010).  
 The inability of Americans to achieve the recommended intake of fruit and 
vegetables is thought to be the result of both individual and environmental factors 
(Wang & Beydoun, 2007; Brug, 2008).  To help attenuate the rise in incidence of 
chronic disease population-wide, including among people of low SES, effective, 
cost-efficient and easy to implement interventions to improve fruit and vegetable 
intake and diet quality are needed. 
 One area of research that seeks to understand individual factors that 
shape health behavior, including diet quality, is theoretical models of health 
behavior change (Glanz et al., 2008; Glanz & Bishop, 2010).  One such model, 
  
87 
the Theory of Planned Behavior (TPB), extends the Theory of Reasoned Action 
(TRA) proposed by Ajzen and Fishbein (1975).   The TRA posited that intention 
(and ultimately behavior) could be predicted effectively by a person’s attitude 
(personal judgement about the behavior) and subjective norms (other’s 
judgement about the behavior).  Further work by Ajzen determined that the TRA 
was only successful when explaining volitional behaviors; those behaviors that a 
person could carry out willfully.   In order to allow for the prediction of non-
volitional behaviors, the TPB was developed with the addition of the construct 
“perceived behavioral control”; the individual’s perceptions about whether or not 
he/she has the skills and means necessary to bring about successful 
performance of the goal behavior.  Perceived behavioral control has influence on 
both goal intention and behavior and its influence is dependent upon the type of 
behavior and the nature of the goal intention.  In instances where attitudes are 
strong, or where subjective norms are powerful, perceived behavioral control 
may be less predictive of goal intentions.  But, when these factors are reduced, 
perceived behavioral control may play a more powerful role in their formation.  
 Since the TPB was first proposed, other mediators and/or moderators 
have been identified as extensions of the model.  One such extension of the TPB 
is the concept of implementation intentions.  Implementation intentions was 
proposed by Gollwitzer (Gollwitzer & Brandstatter, 1997; Gollwitzer & Schaal, 
1998; Gollwitzer, 1999) to “mediate the relationship between intention and 
enactment” (Conner & Armitage, 1998, p. 1451), (the so called “intention-
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behavior gap” (Sheeran, 2002)), and as such, implementation intentions has 
been studied as a potentially useful strategy for promoting health behavior 
change.  Research that has utilized implementation intentions to promote health 
behavior change has been positive with regard to such health-related behaviors 
as reducing smoking in adolescents (Conner & Higgins, 2010), increasing activity 
level (Prestwich et al., 2010), improvement of diet quality (Verplanken & Faes, 
1999), reducing dietary fat intake (Armitage, 2004), and improving snack habits 
(Tam et al., 2010).    
 Although implementation intentions has been studied as an intervention to 
modify dietary intake behaviors (including fruit and vegetable intake), to date 
these intervention trials have only been conducted using individuals of middle 
socioeconomic status.  There are no reports in the literature (quantitative or 
qualitative) where an implementation intention intervention has been tested 
exclusively in a low socioeconomic population.  Given the disparities in health 
seen in low SES populations, it is important to identify low-cost, easy to 
implement interventions that can improve health-related behaviors in this group.  
Although there is some indication in the literature that an implementation 
intention intervention may be effective to improve health behaviors in low SES 
(c.f., Conner et al., 2013), it remains unknown if an intervention trial using an 
implementation intention is feasible, acceptable or efficacious in this group.   
 Pilot and feasibility studies are important steps in the research process, 
particularly in the current research climate where funding agencies put increasing 
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importance on preliminary work prior to the conduct of large-scale, publically 
funded controlled trials (Thabane et al., 2010; Leon et al., 2011; Whitehead et al., 
2014).  In this light, pilot and feasibility studies are a relevant mechanism of 
vetting potential problems in the research design, implementation, etc. before 
applications are made for funding for larger trials (van Teijlingen & Hundley, 
2002; Thabane et al., 2010; Leon et al., 2011).  In addition, granting agencies 
(e.g., NIH, NHLBI) are requiring representative inclusion of ethnic and other 
health disparate groups in research designed to study health outcomes 
(Sex/gender and minority inclusion, n.d.; Questions and answers on inclusion of 
minorities and women, n.d.).  As such, it is of significance that the inclusion of 
these groups in implementation intention (and other health behavior change) 
research is undertaken using pilot studies. 
  The aim of this study is to evaluate the feasibility, acceptability and 
efficacy of an implementation intention intervention to improve fruit and vegetable 
intake in women of low SES.  This will be accomplished using a mixed methods 
approach; a pilot randomized controlled trial that includes feasibility analyses, 
and a qualitative study that includes analysis of feasibility and acceptability data 
obtained from semi-structured interviews of members of the experimental group 
of the pilot randomized controlled trial.  
Methods 
 Participants. Participants for both arms of this study were recruited from 
the English-speaking subjects (n=76) included in the cross-sectional survey 
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presented in Chapter 4.  	
 Experimental design. Two study arms were planned and conducted.  A 
timeline of both arms is presented in Appendix C.  For arm 1, a randomized 
controlled trial was planned and recruitment and subject enrollment for that study 
began in September 2014 and ended in December 2014.  At the end of the 
recruitment period for the randomized controlled trial, a total of n=20 subjects 
were enrolled (control n=11; intervention n=9).   
 For arm 2, a qualitative study was conducted to collect data regarding the 
feasibility and acceptability of the intervention conducted in the pilot randomized 
controlled trial.  The qualitative study ran from January 2015 through April 2015.  
A phenomenological framework was chosen as the inquiry paradigm for the 
qualitative study as we were seeking to describe the “meaning, structure and 
essence” (Patton, 2002, p. 104) of the women’s lived experience as a participant 
in an implementation intention intervention to change a dietary behavior.  The 
phenomenological approach seeks to explore how (in this case) participants in 
the intervention group experienced the trial; how they “transformed the 
experience into consciousness, both individually and as a shared meaning” 
(Patton, 2002, p. 104).  The data collected are the subjective experiences of the 
women who participated in the pilot study, recounted during a semi-structured 
interview with the principal investigator.  The phenomenological approach was 
chosen as we felt that it would best allow us to capture the data in a manner that 
would be most revealing and of interest to future researchers who may test an 
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implementation intention intervention with this study population.   
 Data collection. Demographic data, BMI, attitude, perceived behavioral 
control, and goal intention strength and baseline fruit and vegetable intake were 
collected and measured on the entire English-speaking cohort of the parent study 
(n=76) as part of the 1-year follow up survey for the Healthy Families study.  This 
data was collected from May 2014 through November 2014, and constituted the 
baseline data for this ancillary pilot randomized controlled trial.  Details regarding 
the design of the Healthy Families study can be found in Appendix A.  
 Four weeks (30 days) after the implementation intention or control 
intervention was delivered to the experimental and control groups, fruit and 
vegetable intake was again surveyed using the same fruit and vegetable intake 
screener used for baseline intake data collection.  In attempt to reduce bias 
related to social desirability, follow up fruit and vegetable intake was surveyed by 
a research assistant not associated with the experimental or control intervention. 
 Semi-structured interview data for the qualitative study was collected on 
subjects from the experimental group within 3 months of their completion of the 
pilot randomized controlled trial follow up survey of fruit and vegetable intake so 
as to maximize their recall of their experience participating in the trial.   
  Procedures: For the pilot randomized controlled trial, approximately 1 
month after being informed of participant completion of the 1 year follow up 
survey for the Healthy Families study (i.e. baseline survey for this ancillary 
study), the principal investigator (MAD) contacted by telephone the English-
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speaking parent study participants who agreed to be contacted for additional 
research opportunities.  Contact attempts were made by the principal investigator 
at least three times.  After three attempts, subjects were considered unavailable 
for recruitment. Subjects who were contacted were provided a brief description of 
the study using a script (Appendix D).  Potential participants were then asked if 
they would be interested in participating in the research.  If subjects answered in 
the affirmative, they were then provided with a description of the proposed study 
in sufficient detail to obtain informed consent.  Individuals who consented to 
participate were then randomized into the experimental or the control groups 
using block randomization by housing development.  Immediately following 
randomization, and using a structured guide, members of the control group were 
asked to form a general plan to increase their intake of fruit and vegetables by 
one serving each day over the next 30 days.  Using the same structured guide, 
members of the experimental group were asked to set an individualized 
implementation intention to increase their fruit or vegetable intake by 1 serving 
each day over the course of one month (Gollwitzer & Sheeran, 2006).  
Experimental group subjects were asked to write down their implementation 
intention using an “if, then” format as described in the literature (Webb & 
Sheeran, 2008), and were instructed to keep what they wrote down at hand as a 
reference for use during they study period. Control participants were also asked 
to write down their general plan for future reference. The telephone contact to 
inform participants about the study design, obtain informed consent, and to 
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perform the experimental or control intervention took approximately 30 minutes.  
Participants received a gift card valued at $5.00 for their participation. 
 For the qualitative study, participants from the experimental group of the 
pilot randomized controlled trial (n=9) were contacted by the principal investigator 
(MAD) to see if they would be willing to participate in individual telephone 
interviews.  Participants were contacted by telephone up to 3 times to schedule 
or conduct the telephone interview.  Subjects were enrolled, and interviewed, and 
interviews were transcribed on a rolling basis. All interviews were conducted by 
the principal investigator (MAD) using a semi-structured interview guide. Upon 
initial contact, the interviewer described that she was interested in learning about 
the subject’s experience participating in the randomized controlled trial.  If the 
subject expressed interest in participating, the interviewer provided a more 
detailed description of the study as well as information to allow the subject to 
make an informed consent to participate.  Immediately following informed 
consent, the interviewer proceeded with the interview as outlined on the guide. 
After 6 subjects had been enrolled, data was preliminarily analyzed using 
initial a priori codes developed from the semi-structured interview guide.  At that 
time, the principal investigator determined that the data were near “saturation”.  
To confirm, another 2 subjects were enrolled, interviewed and the data were 
transcribed and analyzed.  The principal investigator determined that the data 
had reached “saturation”, and enrollment was discontinued.  In total, 8 interviews 
were conducted over a 4-month period (January 2015 – April, 2015).  Each 
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interview lasted for 30-45 minutes.  Participants received a gift card valued at 
$25.00 for their participation.  
  Measures.   
 Demographic.   Age, education level, and race/ethnicity were collected 
via survey.  Height was measured using a standard measuring tape, and weight 
was obtained using a digital scale, which recorded weight to the nearest 0.01 kg.   
 Theory of Planned Behavior. Attitude, perceived behavioral control and 
goal intention strength were measured using 1 question each with a bipolar 
semantic differential scale for response as informed by the literature (Chapman & 
Armitage, 2012).  Attitude was measured using the question: “For me, increasing 
my daily intake of fruit or vegetables by one serving every day over the next 
month is…” to which subjects could respond on a scale between 1 and 7 
anchored with “foolish” or “wise”.  Perceived behavioral control was measured 
using the question: “For me, increasing my daily intake of fruit or vegetables by 
one serving every day over the next month would be” to which subjects could 
respond on a scale between 1 and 7 anchored with “difficult” and “easy”.  Goal 
intention strength was measured using the question: “I intend to increase my 
daily intake of fruit or vegetables by one serving every day for the next month.” 
Subjects could respond to this statement on a scale between 1 and 7 anchored 
with “disagree strongly” and “agree strongly”. 
 Fruit and vegetable intake. Fruit and vegetable intake over the past 30 
days was measured using the Behavioral Risk Factor Surveillance Survey Fruit 
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and Vegetable Module (BRFSS FVM) (CDC, 2011), a 6 item self-reported 
questionnaire measuring frequency of fruit and vegetables usually eaten during 
the past 30 days (Appendix B).   The module includes an item designed to 
assess intake of all fruit and vegetables, including specific questions related to 
the intake of carrots, potatoes excluding fried potatoes (e.g., French fries, potato 
chips) as well as an item to assess intake of green salad. A pictorial reference for 
serving size was added to improve validity (Serdula, et al., 1993; Smith-Warner 
et al., 1997; Kim & Holowaty, 2003).   
 Participant assessment of follow through on their implementation 
intention.  Following the assessment of fruit and vegetable intake on the follow 
up survey for the pilot study, participants were asked an open-ended question: 
“Name three things that helped or three things that made it difficult for you to 
increase your intake of fruit or vegetables over the past month according to your 
plan:” followed by space for participants to write in their answers. 
 Feasibility. Data were collected by the principal investigator throughout 
the pilot randomized controlled trial to allow for feasibility analyses.  Data were 
collected by a simple “tally” in terms of number of participants with non-working 
phone numbers, number of participants who agreed/declined to participate, 
number of participants enrolled via telephone, the number of contact attempts via 
telephone, the number of participants who agreed/declined randomization, 
subject retention, the number of days between the intervention and the follow up 
for all subjects in the experimental and control groups, and the number of 
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missing data points.   
 Semi-structured interview guide.  The semi-structured interview guide 
was developed using information gleaned from three sources: the literature 
regarding the TPB and implementation intentions, feedback from study 
researchers who have experience conducting and publishing qualitative research 
(LMQ, DJB, SLP), and the qualitative answers provided by participants in the 
intervention trial as part of their follow up survey (Appendix E).   This interview 
format was chosen in effort to insure all questions were asked and answered 
while allowing for additional probing and exploration of any salient information 
that arose over the course of the interview (Fontana & Frey, 2003; Rabionet, 
2011).  The introduction to the interview was the same for all participants to 
insure consistency of the background information provided.   
 The interview guide included questions designed to elicit information in 
three main topic areas: assessment/measurement of study variables; perceptions 
regarding the intervention; an overall assessment of participation in the study.  
Each interview was audio recorded (in duplicate) with the participant’s verbal 
permission.  In addition, notes were made by the principal investigator during the 
interviews.  Audio recordings were then transcribed verbatim for analysis in a 
manner that allowed the capture of the subject’s words, tone, pauses, etc. 
(Patton, 2002; McLellan et al., 2003).  
  Analysis plan.   Data were analyzed using SAS 9.3© (SAS Institute, 
Cary, NC).  Sample size for the randomized controlled trial was calculated using 
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the simple formula for difference in means of fruit and vegetable intake with an 
effect size of Cohen’s d=0.43 (Chapman & Armitage, 2012), standard deviation 
of 1.06, α = 0.05 and 1-β=0.84 to be 52 subjects in each group. If an effect size 
of Cohen’s d = .51 (Adriaanse, et al., 2011), 36 subjects were needed in each 
group.   
 Race/ethnicity and education were treated as categorical variables.  
Theory of Planned Behavior variables (attitude, perceived behavioral control and 
goal intention strength) were treated as ordinal variables with higher values 
indicating greater strength.  The BRFSS FVM score for fruit and vegetable intake 
was treated as a continuous variable corresponding to servings per day.  
Assumptions of normality were checked for all variables.   
 Analyses of bivariate correlations were conducted for the pilot randomized 
controlled trial cohort to assess the strength and direction of relationships among 
all variables using Pearson product-moment correlation testing for continuous or 
normally distributed, and Spearmen’s rank correlation coefficient for categorical, 
ordinal, or non-normally distributed measures.  Strength of associations was 
determined as suggested by Dancey & Reidy (2004). 
 Bivariate analyses were followed by a determination of mean differences 
in fruit and vegetable intake between baseline and 30-days both within and 
between trial groups.  A paired t-test was conducted to assess for a difference in 
mean intake from baseline to follow up among the control and experimental 
groups. A two-sample test of means was used to test for differences in mean 
  
98 
intake at follow up between the control and experimental groups.   
Given participants in this randomized controlled trial were recruited from 
the evaluation cohort of a parent study, which included cooking classes and 
nutrition education, evaluation for co-intervention bias was conducted.  
Specifically, the principal investigator compared names of participants in this 
randomized controlled study with lists of participant names from the cooking 
demonstrations conducted for the parent study.  From this review it was 
determined that there was no “overlap” in interventions.     
 For all tests, significance was set at α = 0.05.  As effect size calculations 
are not sensitive to sample size (Berben et al., 2010) effect size (Cohen’s d and 
effect size r) were calculated for the randomized controlled pilot study using the 
summary statistics obtained from the results of the pilot study analyses (i.e, t-test 
value and degrees of freedom) in the manner reported by Lipsey and Wilson 
(2001).    
 Feasibility analyses were conducted in four domains: recruitment, 
randomization, retention, assessment procedures (Table 7.) (Bowen, 2009; Leon 
et al., 2011; Tickle-Degnen, et al., 2013).  Recruitment was assessed in terms of 
barriers, refusal, consent and method.  Barriers were characterized as the 
percent of subjects that were unavailable for recruitment (e.g. non-working phone 
number).  This was determined as the number of subjects with barriers (such as 
non-working phone numbers) divided by the total number of eligible subjects 
contacted.    Refusal was characterized by the percent of subjects who declined 
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to participate.  This was determined by dividing the number of subjects who 
declined by the total number of eligible subjects contacted.  Consent was 
characterized as the percent of subjects who consented to participate.  This was 
determined by the number of subjects who consented to participate divided by 
the total number of eligible subjects contacted.  Method of recruitment was 
assessed for telephone contact.  This metric was characterized by the percent 
enrollment via telephone and determined by dividing the number of subjects 
enrolled by telephone divided by the total number of eligible subjects attempted 
to be enrolled by telephone.   
 Randomization for the pilot study was characterized as percent of 
participants willing to be randomized.  This was determined by dividing the total 
number of subjects willing to be randomized by the total number of subjects 
enrolled.  Retention was characterized by percent enrolled who completed the 
follow up survey.  This was determined as the total number of participants with 
completed follow up surveys divided by the total number of subjects enrolled.  
Assessment procedures were characterized as barriers to the follow up survey 
completion: the mean number of days to complete the follow up survey, the 
percent of missing data points (defined as the number of missing data points 
divided by the total number of data points), and the percent of surveys completed 
(defined as the number of surveys completed divided by the total number of 
follow up surveys attempted).   
 Targets used to determine feasibility were obtained from the literature 
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when possible (Lindner, 2001; Gersten, 2005; Chapman, 2010; Wallington, 2011; 
Guillaumie, 2012; Lang, 2013).  When not available from the literature, targets to 
determine feasibility were drawn from the collective clinical and research 
experience of the research group (LMQ, DJB) (Tickle-Degnen et al., 2013). 
 
Table 7. Metrics for feasibility analyses 
Domain Item Measure* Target 
Recruitment Barriers  • % SS not available for 
recruitment 
 
# SS with barriers 
total # eligible SS contacted 
≤ 30% 
Declined 
participation 
• % decline to participate 
 
# SS declined 
total # eligible SS contacted 
≤ 15%  
(Lindner, 2001) 
Informed 
consent 
• % giving informed consent 
 
# SS consent 
total # eligible SS enrolled 
≥ 70%  
(Lindner, 2001; 
Wallington, 
2011; Lang, 
2013) 
Method of 
recruitment  
• % telephone enrollment 
 
# SS enrolled by phone 
total # SS eligible by phone 
≥ 70% 
 
 
 
Randomization Willingness 
to be 
randomized 
• % willing to be randomized  
 
# SS willing randomized 
total # SS enrolled 
≥ 80% 
Retention Completion 
of follow up 
survey 
• % of enrolled who 
completed follow up 
 
total # complete fu surveys 
total # enrolled 
≥ 70%  
(Gersten, 2005) 
Assessment 
procedures 
Barriers to 
follow-up 
survey 
completion 
• Mean # days from 
intervention to follow up 
<180 days 
(Chapman, 
2010) 
 
 • % missing data points 
 
#missing data points 
total #data points 
≤ 10% 
*SS = Study Subjects 
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  For the qualitative analysis, audio-recorded interviews averaged 
approximately 30 minutes, with a range of 23:33-46:06 minutes.  All transcripts 
were compared three times with the original recording for accuracy, and 
supplemented with interviewer notes if needed.  Following the completion of the 
interviews, three subjects were asked to review the transcript of their interview for 
accuracy to enhance the study’s internal validity (Barbour, 2001; Patton, 2002; 
Carlson, 2010).   Two of the three participants confirmed to the principal 
investigator via email that the transcripts were representative of the content of 
their interviews. 
 The six main topic areas included in the semi-structured interview guide 
served as the initial (a priori) descriptive codes.  Content analysis was conducted 
by the principal investigator (MAD), who coded all of the text from the transcripts 
by hand using the constant comparative method (Glaser & Strauss, 1967; Boeije, 
2002; Kolb, 2012).  Following initial coding, the principal investigator repeatedly 
analyzed the content of the transcripts for patterns that were then used as 
secondary (axial) codes.   From this inductive, iterative process, a final codebook 
was developed to guide the final analysis.   
 To enhance internal validity, a second coder (JCT) performed coding on 
all transcripts using the final codebook.  Following the second coding, a 
debriefing session was conducted between coders where codes were discussed 
until consensus was reached on the application of each code.  No discrepancies 
remained after the debriefing session, and initial coding reliability was determined 
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to be 85%.   
 The results of the analyses were organized and are presented using an 
analytical frame work approach around the processes involved in the intervention 
research with an eye toward feasibility:  variable assessment, the intervention, 
and study participation.  Themes are presented in a way to accurately and 
authentically capture the nature and essence of the participant experience with 
each of these processes.   
 A number of additional actions were performed during the study to 
enhance internal validity.  First, the principal investigator engaged in “triangulated 
reflexive inquiry” (Hall & Callery, 2001; Patton, 2002, p. 495; Mauthner & Doucet, 
2003) throughout the data collection, analysis, and reporting processes.  
Triangulated reflexive inquiry is a process whereby the researcher continually 
maintains awareness of their own, their subject’s and the audiences 
understanding of what they know and how they know it, as well as what shapes 
each person’s perspectives (Patton, 2002).  Second, the coded transcript data 
were triangulated by comparing them with the qualitative answers provided by 
study participants prior to their participation in the interviews as part of the follow 
up survey for the intervention study (Hall & Callery, 2001; Mertens & Hesse-
Biber, 2012). Results from these comparisons showed a good deal of overlap 
between qualitative answers on the survey and information obtained as part of 
the semi-structured interviews. 
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 Descriptive statistics for participants were analyzed using SAS 9.3© (SAS 
Institute, Cary, NC). 
Results  
 Participant flow.  Participant flow through the pilot randomized controlled 
trial is presented using CONSORT (Consolidated Standards for Reporting Trials) 
format in Figure 4 (Altman, 2001). Seventy-six participants were assessed for 
eligibility into the randomized controlled trial, which commenced September 
2014.  After exclusion of n=7 subjects for not meeting our inclusion criteria, and 
n=19 subjects who refused to participate, we enrolled and randomized n=20 
subjects (intervention group n=9, control group n=11).  Thirty subjects remained 
eligible for enrollment at that time.  Enrollment into the randomized controlled trial 
was terminated in December 2014 as described in the “experimental design” 
section above.  One subject was lost to follow up in each group of the pilot 
randomized controlled trial, so that at the time of data analyses, there were a 
total of n=18 subjects (n=10 control and n=8 experimental). 
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Figure 4. CONSORT diagram showing the flow of participants through the pilot 
randomized controlled trial.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Participant characteristics: Pilot randomized controlled trial. 
Analyses were conducted on the entire evaluation cohort who participated in the 
randomized controlled study (n=20) (Table 8).   
Assessed for Eligibility (n=76) 
Did not meet inclusion criteria (n=7) 
Allocated to Intervention (n=9) Allocated to Control (n=11) 
Lost to follow up (n=1) 
(Unable to contact) 
Analyzed (n=10) 
Excluded from analysis (n=0) 
Randomized (n=20) 
Lost to follow up (n=1) 
(Unable to contact) 
Remain eligible (n=30) 
Refused participation (n=19) 
Analyzed (n=8) 
Excluded from analysis (n=0) 
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Table 8. Socio-demographic, behavioral, and main outcome variables for pilot 
study participants 
 Intervention 
n=9 
Control 
n=11 
Totala 
n=20 
Age, years, mean (SD), range 38.9 (5.94) 
38-88 
41.8 (11.28) 
32-69 
40.5 (9.17), 31-
69 
Race/Ethnicityb 
   Asian 
   Black or African American 
   Hispanic/Latino 
   White 
   Other 
   More than one 
 
0 
1(11) 
5(55) 
2(22) 
0 
1(11) 
 
0 
5(45) 
4(36) 
1(9) 
0 
1(9) 
 
0 
6(30) 
9(45) 
3(15) 
0 
2(10) 
Highest level of education 
< High school 
High school graduate/GED 
Some college or technical college 
College graduate 
Other 
 
2(22) 
3(33) 
2(22) 
2(22) 
0 
 
3(27) 
3(27) 
3(27) 
2(18) 
0 
 
5(25) 
6(30) 
5(25) 
4(20) 
0 
Adult BMI, kg/m2 29.25 (4.27) 35.35 (6.13) 32.60 (6.09) 
BMI classificationc 
Underweight BMI <18.5 
Normal weight 18.5-24.9 
Overweight 25-29.9 
Obese >30 
 
0 
1(11) 
4(44) 
4(44) 
 
0 
0 
3(27) 
4(72) 
 
0 
1(5) 
7(35) 
12(60) 
Attitude (median, IQR) 
Frequency (%) 
1 
2 
3 
4 
5 
6 
7 
7.00 (0.00) 
 
0 
0 
0 
0 
1(11) 
1(11) 
7(77) 
7.00 (2.00) 
 
0 
0 
0 
2(18) 
2(18) 
1(9) 
6(54) 
7.00 (1.50) 
 
0 
0 
0 
2(10) 
3(15) 
2(10) 
13(65) 
Perceived behavioral control (median, IQR) 
Frequency (%) 
1 
2 
3 
4 
5 
6 
7 
5.00 (2.00) 
 
0 
0 
0 
3(33) 
2(22) 
2(22) 
2(22) 
7.00 (2.00) 
 
0 
1(9) 
1(9) 
0 
1(9) 
0 
10(50) 
6.50 (2.50) 
 
0 
1(5) 
1(5) 
3(15) 
3(15) 
2(10) 
10(50) 
Goal intention strength (median, IQR) 
Frequency (%) 
1 
2 
3 
4 
5 
6 
7.00 (2.00) 
 
1(11) 
0 
1(11) 
0 
1(11) 
0 
7.00 (1.00) 
 
0 
0 
1(9) 
1(9) 
0 
2(18) 
7.00 (1.50) 
 
1(5) 
0 
2(10) 
1(5) 
1(5) 
2(10) 
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7 6(66) 7(63) 13(65) 
Fruits & vegetables, servings/dayd (baseline) 
(X, sd) 
2.92 (2.30) 3.61 (1.93) 3.31 (2.06) 
Fruits & vegetables, servings/dayd (baseline) 
     Q4 
     Q3 
     Median 
     Q1 
     Q0 
IQR: 3.36 
6.52 
4.65 
2.34 
1.29 
0.26 
IQR: 3.06 
7.54 
4.81 
3.33 
1.78 
1.17 
IQR: 3.06 
7.54 
4.81 
3.04 
1.75 
0.26 
Fruits & vegetables, servings/dayd (follow-up) 
(X, sd) 
3.48 (1.98) 3.99 (2.61) 
 
3.75 (2.28) 
Fruits & vegetables, servings/dayd (follow-up) 
     Q4 
     Q3 
     Median 
     Q1 
     Q0 
IQR:3.00 
6.58 
5.15 
3.14 
2.15 
0.38 
IQR: 2.76 
9.57 
4.86 
3.77 
2.10 
1.04 
IQR: 3.05 
9.57 
5.15 
3.72 
2.10 
0.38 
aNumbers represent n (% unless otherwise noted) 
bSubjects were able to choose multiple answers 
cClassifications based upon CDC guidelines (ref) 
dBRFSS FVM 
 
 Participants in the pilot randomized controlled trial had a mean age of 
40.50 (±9.17), and ranged from 31-69 years of age.  Black/African American and 
Hispanic/Latina subjects comprised the majority race/ethnicity (30% and 45%, 
respectively), followed white (15%).  Participant education was approximately 
evenly distributed between some high school (25%), high school or GED 
graduates (30%), some college/technical school (25%) and college graduate 
(20%). Almost all subjects had a BMI that classified them as either overweight or 
obese (95%).   
 Mean TPB variable scores suggest that on average, participants reported 
high (positive) ratings of attitude, perceived behavioral control and goal intention 
strength towards eating more fruits and vegetables (median=7.00, 6.50, 7.00; 
IQR=1.50, 2.50 and 1.50, respectively).  When analyzed as a continuous 
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variable, mean TPB variable scores suggest that on average, participants 
reported high (positive) ratings of attitudes towards eating more fruits and 
vegetables (mean = 6.30, sd=1.08).  Ratings of perceived behavioral control and 
goal intention strength were lower (PBC mean=5.70, sd 1.59; goal intention 
strength mean=5.95, sd=1.79).   
 The mean servings per day of fruit and vegetables for the entire cohort 
(n=20) at baseline was 3.31 (sd=2.06).  Follow up fruit and vegetable intake for 
the entire cohort averaged 3.75 (sd=2.28).  Evaluating fruit and vegetable intake 
data by quartile shows the upper quartile consumed over 4 servings per day of 
fruit and vegetables at baseline (≥4.81 servings per day) and greater than 5 
servings per day of fruit and vegetables at follow up (≥ 5.15 servings per day). 
 Although a number of sources (including CONSORT 2010 guidelines) 
suggest that testing for baseline differences in randomized controlled trials 
should not be done (Assmann 2000; Senn 2004; Moher et al., 2010; Austin et al., 
2010; deBoer et al., 2015) a check of the success of randomization at baseline 
regarding key variables was conducted.  There was no difference between the 
intervention and control groups for age (t(18)=0.70, p=0.49), race/ethnicity 
(S=112.0 p=0.18), education (S=96.50, p=0.91); scores for attitude (S=108.50, 
p=0.24), PBC (S=76.00, p=0.16), goal intention strength (S=92.50, p=0.89); and 
baseline intake of fruit and vegetables (t(17)=0.71, p=0.49).  A statistically 
significant difference in BMI between the intervention and control groups was 
found (t(18)=2.52, p=0.0214), and as such BMI was included as a covariate in 
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the construction of the multivariable models. 
 Participant characteristics: Qualitative study.  Descriptive data 
regarding subject characteristics are described in Table 9.  All subjects were 
female with a mean age of 40.8 (sd =7.69) years.  The majority of participants 
were African American and Hispanic/Latina (37% each) followed by white (13%) 
and multiple race/ethnicities (13%).  The majority of the participants had some 
college or were college graduates (74%).  
 Mean TPB variable scores suggest that on average, participants reported 
high (positive) ratings of attitude, perceived behavioral control and goal intention 
strength towards eating more fruits and vegetables (medians=7.00, 5.00, 7.00; 
IQR=0.00, 2.50 and 1.00, respectively).  When analyzed as a continuous 
variable, mean TPB variable scores suggest that on average, participants 
reported high (positive) ratings of attitudes towards eating more fruits and 
vegetables (mean = 7.00, sd=0.00).  Ratings of perceived behavioral control and 
goal intention strength were lower (PBC mean=5.25, sd 1.28; goal intention 
strength mean=6.25, sd=1.48).   
 The mean servings per day of fruit and vegetables for the entire cohort 
(n=8) at baseline was 2.93 (sd=2.32).  Follow up fruit and vegetable intake for the 
entire cohort averaged 3.14 (sd=1.75). Evaluating fruit and vegetable intake data 
by quartile shows the upper quartile consumed over 4 servings per day of fruit 
and vegetables at baseline (≥ 4.75 servings per day) and greater than 4 servings 
per day of fruit and vegetables at follow up (≥ 4.66 servings per day). 
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 When compared qualitatively with the descriptive data for all participants 
in the intervention trial, subjects were similar in that the proportion of subjects 
were either African American or Hispanic, but dissimilar in terms of education in 
that the intervention participants contained a higher proportion of subjects who 
were high school graduates or had less than high school education. Participants 
in this qualitative study also had a lower BMI than the intervention group cohort 
(29.6 vs. 31.1). The average number of days between the intervention and the 
interview was 111. 
 
Table 9. Socio-demographic, behavioral, and main outcome variables for 
qualitative study participants 
 Totala 
n=8 
Age, years, mean (SD), range 40.8 (7.69) (31-52) 
Race/Ethnicityb 
   Asian 
   Black or African American 
   Hispanic/Latino 
   White 
   Other 
   More than one 
 
0 (0) 
3 (37) 
3 (37) 
1 (13) 
0 (0) 
1 (13) 
Highest level of education 
< High school 
High school graduate/GED 
Some college/technical college 
College graduate 
Other 
 
0 (0) 
2 (25) 
3 (37) 
3 (37) 
0 (0) 
Adult BMI, kg/m2 29.6 (5.84) 
BMI classificationc 
Underweight BMI <18.5 
Normal weight 18.5-24.9 
Overweight 25-29.9 
Obese >30 
 
0 (0) 
1 (13) 
4 (50) 
3 (37) 
Attitude (median, IQR) 
Frequency (%) 
1 
7.00 (0.00) 
 
0 (0) 
  
110 
2 
3 
4 
5 
6 
7 
0 (0) 
0 (0) 
0 (0) 
0 (0) 
0 (0) 
8 (100.00) 
Perceived behavioral control (median, IQR) 
Frequency (%) 
1 
2 
3 
4 
5 
6 
7 
5.00 (2.50) 
 
 
0 (0) 
0 (0) 
0 (0) 
3 (37.5) 
2 (25.0) 
1 (12.5) 
2 (25.0) 
Goal intention strength (median, IQR) 
Frequency (%) 
1 
2 
3 
4 
5 
6 
7 
7.00 (1.00) 
 
0 (0) 
0 (0) 
1 (12.5) 
0 (0) 
1 (12.5) 
0 (10) 
6 (75.0) 
Fruits & vegetables, servings/dayd (baseline) (X, sd) 2.93 (2.32) 
Fruits & vegetables, servings/dayd (baseline) 
     Q4 
     Q3 
     Median 
     Q1 
     Q0 
IQR: 3.57 
 
6.52 
4.78 
2.34 
1.20 
0.26 
Fruits & vegetables, servings/dayd (follow-up) (X, sd) 3.14 (1.75) 
Fruits & vegetables, servings/dayd (follow-up) 
     Q4 
     Q3 
     Median 
     Q1 
     Q0 
IQR: 2.60 
 
5.62 
4.66 
2.86 
2.05 
0.38 
aNumbers represent n (% unless otherwise noted) 
bSubjects were able to choose multiple answers 
cClassifications based upon CDC guidelines (ref) 
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 Bivariate analyses. Bivariate analyses were initially conducted using two 
scores for fruit and vegetable intake: one with the question assessing intake of 
potatoes and one without.   As the results of both sets of analyses were similar, 
only the results using the measure of fruit and vegetable intake including 
potatoes (i.e., the entire BRFSS FVM) is reported.  Pearson product-moment 
correlation testing for continuous, and Spearmen’s rank correlation coefficient 
testing for categorical and ordinal measures are presented in Table 10.  
 
Table 10. Correlations among study variables (n=20). 
Variable 1 2 3 4 5 6 
1. Age        
2. BMI 0.10      
3. Attitude 0.42 -0.01     
4. Perceived behavioral 
control 0.21 0.03 -0.03    
5. Goal intention 
strength 0.08 -0.13 0.37 0.17   
6. †Fruit/Veg intake: 
baseline -0.31 -0.232 -0.13 0.02 0.07  
7. †Fruit/Veg intake: 
follow-up -0.31 -0.06 -0.32 0.03 -0.06 0.80*** 
*p<.05; **p<.01; ***p<.0001 
† BRFSS FVM 
 
Most variables demonstrated a zero to weak correlation.  The only statistically 
significant strong positive correlation was found between the fruit and vegetable 
intake at baseline and at follow up (r = 0.80, p<0.0001).   
 Testing for change in fruit and vegetable intake.  Results of testing for 
change in fruit and vegetable intake from baseline to follow up is presented in 
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Table 11.  The mean difference in intake from baseline to follow up was 0.50 
servings per day (95% CI: -0.56, 1.58; (t=1.07, df=9, p=0.3111)) among the 
control group (n=11) and 0.17 servings per day (95% CI: -0.85, 1.20; (t=0.40, 
df=7, p=0.7032)) among the experimental group (n=9).  Difference in mean 
difference of intake from baseline to follow up between the control and 
experimental group was +0.33 servings per day (95% CI: -1.06, 1.73; (t=0.51, 
df=16, p=0.6176).    
 
Table 11. Results of paired and independent t tests for changes in fruit and 
vegetable intake 
 
 Control n=11 Mean  95% CI for Mean 
Difference 
t df p-value 
Baseline Follow up 
M sd n M sd n 
Difference FVI 3.61 1.933 10 3.99 2.614 10 0.50 -0.56,1.58 1.07 9 0.3111 
 
 Intervention n=9 Mean 95% CI for Mean 
Difference 
t df p-value 
Baseline Follow up 
M sd n M sd n 
Difference FVI 2.92 2.30 9 3.48 1.98 8 0.17 -0.85,1.20 0.40 7 0.7032 
 
 Group n=20 Mean 95% CI for Mean 
Difference 
t df p-value 
Intervention Control 
M sd n M sd n 
Difference FVI 0.17 1.23 8 0.50 1.50 10 0.33 -1.06, 1.73 0.51 16 0.6176 
*p=.05;**p=.01; ***p=.001 
 
 Although the check for assumptions prior to analyses suggested fruit and 
vegetable intake to have a normal distribution, given the small number of 
subjects in both the control and experimental group, testing for differences in fruit 
and vegetable intake within and between groups was again carried out, but this 
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time, nonparametric statistics were used.  Results of the Wilcoxon Signed-Rank 
Test to compare differences in fruit and vegetable intake between baseline and 
follow up within groups showed no change in intake for either the control group 
(n=11, S=11.5, p=0.2754) with a median difference of 0.74 (IQR:2.73) or the 
experimental group (n=9, S=1, p=0.9453) with a median difference of - 0.070 
(IQR:1.92).  Results of the Wilcoxon Rank-Sum Test to evaluate the difference in 
change in fruit and vegetable intake between groups were not significant (S=70, 
p=0.6334). 
 Effect size was calculated for the randomized controlled trial was Cohen’s 
d=0.15689, with an effect size correlation r=0.07820. 
 Feasibility analyses. The feasibility targets were met for the domains 
randomization and retention with 100% of enrolled subjects willing to be 
randomized, 93.5% of enrolled subjects completing the study (Table 12).  In the 
assessment procedures domain, the feasibility target was met for missing data 
points (0%), and the mean days from intervention to follow up (mean=69.27, 
sd=42.67), but the high end of the range (29-197 days) fell outside the 180 day (6 
month) limit for intervention intention effectiveness as described by Chapman & 
Armitage (2010).   
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Table 12. Result vs. target feasibility analysis of pilot randomized controlled trial 
(n=20) 
Domain Item Result Target 
Recruitment Barriers 38.1% ≤30% 
Declined participation 30% ≤15% 
Informed Consent 100% ≥70%* 
Method of recruitment 14.9% telephone ≥70% 
Randomization Willingness to be 
randomized 100% ≥80%* 
Retention Completion of follow up 
survey 93.5% ≥70%* 
Assessment 
Procedures 
Barriers to follow up 
survey completion 
(mean (sd)) 
69.2 (42.6) days 
Range: 29-197 days <180 days* 
Missing data points 2% ≤10%* 
*Target met 
 
 Targets were not met for recruitment domain with the exception of 
subjects enrolled who gave informed consent (100%).  Barriers to recruitment 
accounted for 38.1% of subjects unable to be recruited from eligible subjects; 
higher than our target of ≤30%.  Our refusal rate was also higher than our target 
of ≤15% (30.0%).  Also, our method of recruitment by telephone was not met as 
only 14.9% of eligible participants able to be enrolled by telephone versus our 
target of ≥70%. 
 A summary of processes, themes and subthemes of the qualitative 
analysis is presented in Table 13. 
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Table 13. Summary of processes, themes and subthemes developed from 
analysis of semi-structured interview data (n=8) 
 
Process component Themes Sub-themes 
TPB variables and 
fruit and vegetable 
intake measurement 
Participants liked the 
TPB variable 
assessment questions 
Liked that the questions had 
“parameters” or “scales” 
“Straightforward” “Easy to 
understand” 
Participants found 
questions thought 
provoking 
Thoughts about current intake 
of fruit and vegetables 
Thoughts about whether or not 
they could change intake 
Reflections on current state of 
health/health issues 
Participants liked the 
format of the BRFSS 
FVM* survey questions 
“Clearly written” “Easy to 
understand” 
Participants found 
BRFSS FVM* survey 
questions educational 
Educated about different 
varieties of fruit and vegetables 
Educated about their current 
intake vs. recommended intake 
Educated about serving sizes 
Participants past 
thoughts about their 
fruit and vegetable 
intake varied 
“None” “Never thought about it” 
“Occasionally” “Periodically” 
“Constantly” ‘When in grocery 
store” 
The implementation 
intention intervention 
Participants liked the 
process to form their 
implementation 
intention 
Time spent was “fine” 
Liked the way the questions 
were asked 
Liked the guidance 
Liked the ability to “brainstorm” 
with researcher 
Liked that the intervention was 
“personalized” 
Liked the “open-ended” nature 
of the discussion 
Liked having a “choice” and a 
say in the plan 
Liked that there was no wrong 
answer 
Participants found 
setting the 
implementation 
Thoughts about different ways 
to increase their intake 
Thoughts about different ways 
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intention thought 
provoking 
to prepare vegetables 
Thoughts about what they 
could do differently 
Conversation to form 
plan was motivational 
Motivated by “caring” 
researcher 
Motivated by not wanting to “let 
the researcher down” 
Greatest challenge was 
thinking differently 
Think about how best to 
approach the intervention 
Think about how best to fit plan 
into their lifestyle 
Talking through the plan 
with another person 
helped with follow 
through 
Talking gave participant time to 
think through what will work 
best 
Developing creative 
ways to incorporate 
fruit/vegetables helped 
with follow through 
Information on how to 
incorporate fruit/vegetables in 
novel ways to prevent 
“boredom” 
Finances hindered 
follow through 
Purchasing fruit/vegetables is 
cost prohibitive 
“Vouchers” or “subsidies” would 
help improve intake 
Lack of “support” 
hindered follow through 
A “buddy” or family support 
would improve intake 
Study participation Participants enjoyed 
participating in the 
study 
“Motivating” “Inspiring” 
“Thought provoking” 
“Beneficial” 
*BRFSS FVM=Behavioral Risk Factor Surveillance Survey Fruit and Vegetable Module 
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 Qualitative analyses.  
 
 Process 1: Variable assessment 
  Participants were neutral or liked the format of the Theory of Planned 
Behavior variable assessment questions, and found them thought 
provoking.  All of the interview participants stated either that they had “no 
problem with” or that they “liked” the TPB variable assessment questions.  Of 
those who stated that they liked the question format, many described that they 
particularly liked the fact that there were “parameters” or a “scale” to use for 
answering them.  Many stated that they felt that the questions were 
“straightforward”, “easy to understand” and not difficult to answer. No participants 
offered any negative comments about the questions content or their format. 
 Universally, the interviewed participants stated that answering the TPB 
variable assessment questions made them think.  For most in the group, 
answering the TPB variable assessment questions made them think about their 
current intake of fruit and vegetables, and for some, whether or not they could 
change their fruit and vegetable intake.  As one participant put it: “I think it would 
be a good thing, I just don’t know, you know, the question would probably be, you 
know, how feasible it would be…” Then she continues, “It’s thought provoking 
like, you know?  Could, you know, ‘could I or couldn’t I, um…do it?’” For some in 
the group, answering the TPB variable assessment questions made them reflect 
on their current state of health and/or any health issues that they might have.  As 
one participant stated: 
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It had me think, you know, like I said, it really does have you think 
from time to time, ‘you can do it’. I mean, you know, ‘Think about 
your health. You’re getting older, you have some health issues 
going on, you know? 
 
 Participants liked the format of the BRFSS FVM survey questions 
and found them educational.  All participants felt that the BRFSS FVM survey 
questions were easy to understand and answer and that they were clearly 
written.  Many stated that by answering the questions, it made them aware of 
their current intake of fruit and vegetables, and educated them about the different 
varieties of fruit and vegetables: “…you know, like comparing it…  Like was I 
eating more starchy vegetables compared to like, ah, you know, like green 
vegetables, compared to like salad, what variety of the vegetables that I’ve been 
eating?” Some participants stated that answering the questions educated them 
about what constituted a serving of a particular fruit or vegetable:  
It’s like, ‘I just had a V-8 or whatever’, or ‘I had an apple juice, it 
counts as a serving.’ Maybe not the best form to get a serving, but 
it might count as 1 or 2 servings a day. 
 
 Frequency of past thoughts about fruit and vegetable intake varied 
among participants.  Interviewees were divided on whether or not they thought 
about their fruit and vegetable intake prior to participating in the intervention 
study.  For those who did not have prior thoughts about their fruit and vegetable 
intake, their responses were emphatically “no”, or “never”, or “not in my wildest 
dreams”.  By contrast, those who did report prior thoughts about their fruit and 
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vegetable intake provided a range of answers from “periodically” or “occasionally” 
to “constantly”.  Interestingly, a couple of subjects stated that when they did think 
about their fruit and vegetable intake, it was in the grocery store: 
…that’s something that I constantly thought about…you know, 
consistently thought about, you know, especially when I’m in the 
grocery store, I’m like ‘we need to get some veggies’, you know 
what I mean? Like ‘I really need to get the fruits’, ‘I really need to 
get…’ you know, really make sure I push the fruits and vegetables.   
 
Process 2: The intervention. 
 Participants liked the process used to form their implementation 
intention.  All participants expressed that they enjoyed the conversation they 
had with the principle investigator to form their implementation intention, and 
many felt that forming their plan was “easy”.  Participants also stated that the 
time it took for the conversation to form the implementation intention was “good” 
and “fine”.  No participants stated that they felt that the time spent forming their 
implementation intention was too long for them.  What emerged as the part of the 
process that participants most appreciated was the “way the questions were 
asked”, specifically, the “guidance” and the ability to “brainstorm” with the 
researcher.  For example: “It made me really think of what’s going to work, by 
talking with you…brainstorming well ‘how can this work for me?’ ‘What would be 
the best time?’” This comment also exemplifies how participants appreciated the 
way that the implementation intention was personalized to fit them as an 
individual, rather than a general approach designed for everybody.   
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 In terms of the intervention process, participants most often cited the 
“open-ended” nature of the discussion as being a very helpful to them while 
forming their plan.  As one participant put it: “I think with your assistance, it was 
sort of self-guiding, you know?  Kinda open ended, like ok…you know, ‘what do 
you think?’…you kind of gave me direction and just let me kinda choose my own 
path.” 
Some participants pointed specifically to the fact that they had a “choice 
and a voice” when it came to formulating their plan, and felt comfortable talking 
about the plan with the interviewer because they felt that there was “no wrong 
answer”.  As one participant stated: “To me it was like more playing a little 
bit…like a puzzle more, and making that schedule on my time.  And there was no 
time of being a wrong time.” 
And another participant: 
“It wasn’t like ‘I’d like you to do this’, or ‘you have to do this’.  It was 
more like ‘try to do this’… in a way that’s gonna work for me, and 
that’s not…It wasn’t like a cookie-cutter plan, like ‘oh ok, well this is 
what works for everybody else’. 
 
 Setting the implementation intention was thought provoking and 
motivational.  All participants stated that the process of forming their 
implementation intention was thought provoking.  A couple of participants stated 
that they felt the process of forming their plan with the researcher made them 
consider different ways to go about increasing their intake of fruit and vegetables.  
For two participants, the process prompted thoughts about different ways to 
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prepare vegetables.  As one woman put it: “…like having to think about, 
brainstorming about, what exactly [vegetable to eat], because I know that I could 
get bored if I had to eat the same thing over and over again.”  For another, the 
process gave them an opportunity to really think about what they could do 
differently.  As one participant said:  
“I’ll eat in bed most of the time just because – and this is so 
unhealthy, but – I have a huge TV in my bedroom…and it kinda got 
me out of bed, and eating healthy, and just, the whole thing, um, 
you know, helped me to do different things, like, I’m eating healthy 
now and it got me thinking about exercise and eating at the table, 
um, and not in my bed.” 
 
 Most participants expressed that the conversation with the interviewer to 
create their implementation intention was motivating.  What was interesting was 
the variety of reasons why they felt the conversation motivated them.  Two 
participants expressed that their motivation came from their perception that the 
researcher “cared” about them or their community.  As one woman put it: “but if 
you have someone to just give you that little push, then you’ll see where you’re at 
and then you know that you can do better…  Because someone cares.”  A couple 
of other participants expressed that the motivation came from “not wanting to let 
[the researcher] down” or not wanting to “disappoint” the researcher. 
 Participants stated that the greatest challenge to forming their plan 
was that they had to think differently.  Whether it was thinking differently about 
how to prepare and serve specific a fruit or vegetable or about the timing when it 
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would be best for them to incorporate the fruit or vegetable of their choice into 
their day, it was the process of thinking differently that participants most cited as 
the hardest part about creating their plan.  As one subject put it: “Um, it kinda 
made me think a little bit differently as to my approach…how can I approach it 
best, and how would that fit into my lifestyle?’ 
 Talking through the plan with another person and developing 
creative ways to incorporate fruit/vegetables was viewed as helping 
participants follow through on the implementation intention.  When 
participants were asked what they felt helped them to follow through on their plan 
to increase their intake of fruit and vegetables, all participants related the 
importance of having someone with them to talk them through their plan.  For 
one participant, it was: “…because it gave me time to really think about what’s 
going to work best for me.”  Another participant described it as:  
“It was like, to me I just felt like ‘boom…that’s it. I mean us just 
doing this together versus if I was to say ‘I’m gonna eat an apple’, 
‘I’m gonna eat a orange’, ‘I’m gonna eat…’ us just saying, ‘well, 
how about around this time try a banana this day?’, or ‘try an apple 
that day’, or you know, specific times and things like that, kinda 
like.” 
  
 In both the interview as well as the open-ended questions on the follow-up 
survey, another factor which was repeatedly cited as being helpful to participants 
with regard to following through on their plan was participants developing 
creative ways to incorporate fruit and vegetables into their meals and snacks.  
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One participant stated that she had seen “a salad on TV that [had] cranberries 
and almonds and something else, like maybe some strawberries [on it]” and then 
said to her children: “we can try the fruit for that!”. 
 Finances and lack of support from their partner or children was 
viewed as hindering follow through on the implementation intention.  When 
participants were asked what they felt hindered their follow through on their plan 
to increase their fruit and/or vegetable intake, a couple of participants reported 
that “sticking to it”, in general, was the main challenge.  From the interviews as 
well as the open-ended questions included on the follow-up survey, a number of 
specific reasons surfaced that are of interest.  The issue most frequently cited as 
preventing plan follow through was finances.  Most participants stated that 
purchasing fruit and vegetables were cost prohibitive.  Additionally, improved 
finances and/or decreased cost was cited most often by participants as factors 
which they felt would help them to increase their intake of fruit and vegetables 
beyond the implementation intention intervention.  Overwhelmingly, participants 
stated that they would eat more fruit and vegetables if the cost of buying them 
was lower.   
Some participants suggested such mechanisms as “subsidies” or 
“vouchers”, or some means by which the prices could be discounted.  
Interestingly, none of the participants mentioned that they had difficulty locating 
produce when asked this question directly.  Only one participant mentioned 
transportation in the interviews as a hurdle she had to overcome to purchase 
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fruits and vegetables, although this issue did come up as well in the open-ended 
follow-up survey questions. 
 The second most reported way participants mentioned to help them 
increase their fruit and vegetable intake was “support” in some form.  For two 
participants, support would be in the form of a “buddy”; someone who the 
participant could be in frequent contact with who would provide support and 
encouragement.  For another participant, support from her family was important 
when it came to eating fruit and vegetables: “…and yesterday, I said ‘let me try 
something different and see if it works’, so I bought cabbage.  So I think if I had 
more people in the house that would eat cabbage it will help me more.”   
Process 3: Study participation. 
 Participants enjoyed participating in the study.  All study participants 
stated that they enjoyed participating in the intervention study.  About half of the 
participants expressed that study participation was “motivating” and “inspiring” to 
them in terms of making positive changes in their eating habits.  Most 
participants stated that study participation caused them to make a “self-
assessment” of their current eating behaviors, and as such, they described 
participation as “thought provoking”.  Many participants expressed that they 
believe their participation in the study was “beneficial” to them in many ways, with 
two participants expressing that they have continued to make efforts to improve 
their fruit and vegetable intake even after completion of the intervention.   
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Discussion 
 In an effort to evaluate the feasibility, acceptability, and efficacy of an 
implementation intention intervention to increase fruit and vegetable intake in 
women of low SES, a cohort of female residents of public housing with a low-
income, multi-ethnic background was enrolled in both a pilot randomized 
controlled trial (with feasibility analyses) and a qualitative study.   Overall, self-
reported fruit and vegetable intakes were well below national guidelines with 
approximately 75% reporting they ate fewer than the recommended 5 servings of 
fruit and vegetables per day (USDA, MyPlate.gov, 2015).  In addition, the study 
cohorts’ median scores for TPB variables were strongly positive for attitude, 
perceived behavioral control and goal intention strength to consume fruit and 
vegetables.   
 Given the many individual-level challenges facing women of low SES with 
regard to making healthy dietary choices (c.f., Wardel & Steptoe, 2003; Anderson 
et al., 2007; Mansyur et al., 2013) one might speculate that our study cohort of 
women of low SES might exhibit different scores for TPB variables (particularly 
perceived behavioral control and goal intention strength) than those obtained 
from other groups in which the TPB and implementation intentions were studied 
and found to explain and influence fruit and vegetable intake.  Table 14 provides 
a summary of our scores for perceived behavioral control and goal intention 
strength compared post hoc with four such studies. 
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Table 14. Mean and standard deviations of TPB variable scores from select 
studies using the TPB to influence fruit and vegetable intake. 
 
 DeBiasse, et 
al. (2015)* 
n=20 
Verplanken & 
Faes (1999) 
n=102 
Kellar & 
Abraham 
(2005) 
n=218 
Armitage 
(2007) 
n=120 
Chapman, 
et al. (2009) 
n=557 
Perceived 
behavioral 
control 
5.70 (1.59) 5.53 (1.28)a 5.41 (1.78) 4.83 
(0.97) a,b 
5.43 (1.28)b 
Goal 
intention 
strength 
5.95 (1.79)d 5.72 (0.88)e 4.79 
(1.49)c,d 
5.06 
(1.14)e 
5.39 (1.50)c 
 
*Studies with same letter superscript exhibit statistically significant difference from reference 
study. 
 
 In order to determine whether the values for perceived behavioral control 
and goal intention strength differed across studies, we performed a one-way 
ANOVA for each TPB variable.  We found a significant evidence for an overall 
difference in both perceived behavioral control and goal intention strength across  
studies (F=6.56, df=4,1012, p=<0.0000; F=11.66, df=4, 1012, p<0.0000, 
respectively).  Tukey post hoc analyses demonstrated that our score for 
perceived behavioral control did not significantly differ from those obtained in the 
comparison studies, though our score for goal intention strength did differ 
significantly (it was higher) than one of the four comparison studies.  Results of 
the post hoc analyses suggest that TPB variable scores for women of low SES 
do not differ significantly from those obtained from research conducted with 
higher socioeconomic groups.  Given this, there may be one or multiple unknown 
factors (including possibly a greater role for subjective norms) influencing the 
utility, efficacy and/or application of the TPB and/or implementation intentions 
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that reduces its ability to describe and/or influence dietary intake behavior in our 
study population (women of low SES). 
 The results of our feasibility analyses demonstrate that subject recruitment 
was the main barrier to the enrollment of sufficient numbers of participants into 
the randomized controlled trial.  The many barriers to effective recruitment and 
retention of minority groups in research and clinical trials has been well 
documented (Daunt, 2003; Ford et al., 2004; Bolen et al., 2006; Yancey et al., 
2006; Durant et al.,2007; Galea & Tracy, 2007; Ford et al., 2008; Ejiogu et al., 
2011; Warner et al., 2013; George et al., 2014).   We were able to find reports in 
the literature about recruitment/enrollment challenges related to an inability to 
contact (i.e., reach by telephone) potential subjects (c.f. Blumenthal et al., 1995; 
Loftin et al., 2005).  Our study had the added burden in that our subjects were 
recruited and enrolled from participants in the Healthy Families study.  As we 
were attempting to recruit from a well-defined group of potential participants, we 
did not consider implementing some of the strategies cited in the literature to 
improve study recruitment (e.g., advertising, enlisting community member help, 
providing educational sessions about the research study).   It is possible that if 
one or all of these tactics were employed, our enrollment numbers may have 
been higher.   
 Results from our qualitative study suggest that, for this group, study 
participation was both enjoyable and educational, and prompted participants to 
think about their diet and their health.  Our results support that of other qualitative 
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and quantitative studies (Pollard et al., 2002; Eikenberry & Smith, 2004; Inglis et 
al., 2005; Williams et al., 2012; Konttinen et al., 2013) that suggest that for this 
group of women (low SES), concerns about finance (cost) and support (family, 
partner) are frequently cited individual-level constraints to maximizing their fruit 
and vegetable intake.   
 Surprisingly, our qualitative study results are difficult to reconcile with the 
implementation intentions literature in terms of the reasons our participants 
provided why they were hindered from achievement of their goals, though this 
literature does not specifically mention influencing dietary change.   Gollwitzer & 
Sheeran (2006) have described four problems that they believe hinder 
achievement of goal behaviors: failing to get started, getting derailed, not calling 
a halt, and overextending oneself.  Consistent with Gollwitzer and Sheeran, our 
results suggest that the theme of “getting derailed” was a problem identified by 
our participants in terms of their perceptions of their ability to follow through with 
their implementation intention.  What was not consistent with the problems 
outlined by Gollwitzer and Sheeran is the reason why our subjects stated that 
they “derailed”.  For Gollwitzer & Sheeran (2006), “getting derailed” is the result 
of the individual being unable to “shield their goal striving from unwanted 
influences” (p. 77).  This may occur when an individual’s attention is distracted or 
their behavioral responses to situations cause them to veer off course from 
striving for their goal.  Another instance where people may get derailed is when 
an unanticipated obstacle to their follow through arises that they may not have 
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developed an effective strategy for. The third type of derailment occurs when the 
individual is experiencing what Gollwitzer & Sheeran call “detrimental self-states”.  
These self-states are negative mood, negative feedback on accomplishments 
made toward goal achievement, and ego-depletion.  For the participants in our 
study, getting derailed seemed to not involve encountering the unwanted 
influences described above, but rather it involved them encountering obstacles 
for which no effective behavioral strategy could easily be developed (i.e., 
finances).   
 The role of finances as a practical reason why our participants were 
unable to follow through on their intention to increase their fruit and vegetable 
intake is important.  In the absence of sufficient funds to purchase fruit and 
vegetables, the strength of any theoretical construct of behavior is likely to have 
little influence on behavior.  In a recent group of studies, Conner et al. (2013) 
explored the impact of SES (assessed through income) on the TPB with regard 
to health cognitions and behavior.  Three prospective correlational studies of 
individuals of varying age, sex and socio-economic backgrounds for a variety of 
health behaviors (smoking, breast feeding, and physical activity) were conducted 
and analyzed.  The results of all three studies suggest that SES moderates the 
intention-behavior relationship, but does not affect the self-efficacy – behavior 
relationship.  This seems to suggest that for individuals of low SES, finances do 
not affect an individual’s assessment of their perceived behavioral control 
regarding behavior, but rather finances affect the strength of the individual’s 
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intention to perform the behavior.  This conclusion is borne out in our evaluation 
of the TPB in the context of fruit and vegetable intake presented in Chapter 4 
where we also showed an attention in the intention – behavior relationship with 
the perceived behavioral control – behavior relationship preserved.   
The results from our pilot randomized controlled trial and feasibility analyses 
as well as our qualitative study have a number of implications for dietary behavior 
change interventions that seek to affect positive dietary behavior change in low 
SES groups; particularly those based upon the TPB and implementation 
intentions.  First, although some investigators have suggested that researchers 
should consider strategies which target perceived behavioral control and the 
“intention-behavior gap” to promote dietary health behavior change in low SES 
groups (Conner et al., 2013), the scores for perceived behavioral control that we 
obtained from low SES women were similar to perceived behavioral control 
scores obtained from other TPB and implementation intention studies with higher 
socioeconomic groups of mixed gender and lower age.  As such, interventions 
that target perceived behavioral control may not be an effective strategy to 
improve fruit and vegetable intake for lower SES groups.  Secondly, although 
prior research using the TPB and implementation intentions to describe and 
improve dietary health behaviors has been successful, our previous research 
(cross-sectional survey presented in chapter 4) suggests that the TPB explains 
less of the variability in intake, and as such, we might expect an implementation 
intention intervention to be less effective to change intake in our group. 
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 What is operating to explain our results is not known, but there is 
indication that something regarding the application of the TPB and 
implementation intentions may need to change in order to effectively employ 
these theoretical models in dietary health behavior change research with women 
of low SES.  One line of future research would be to explore the validity of the 
current semantic differential scales to measure TPB variables in low SES groups.  
Prior to our work, measurement of TPB variables has been conducted in mostly 
white university students and middle-class professionals.  Our research is the 
first to use the TPB and implementation intentions to affect a positive dietary 
health behavior change exclusively in low SES women.  Although the TPB 
variable assessment method we used in this research was consistent with the 
method outlined in the literature, and shown to be a valid measure for the TPB 
constructs, it is possible that this method is not valid in low SES groups (c.f., 
Pasick et al., 2009a; Burke et al., 2009a).   
Another line of research proposed is the exploration of variables outside of 
the TPB which may be added to the TPB to increase its utility to describe and 
influence health behavior in low SES groups.  We see this type of exploration 
already in studies which are being conducted to test the utility of the additions of 
such variables as “conscientiousness” (Conner & Armitage, 2001), “consideration 
of future consequences” (Orbell & Kyriakaki, 2008), and “procrastination” (Sirois, 
2004; Owens, 2008).  Alternatively, it may be more useful for future health 
behavior change research involving women of low SES to abandon the TPB and 
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implementation intentions, and look to or include other theoretical models.    
 A hint to an alternative model to explore independently or to add to the 
TPB when conducting behavior change research with women of low SES arises 
when we look at the analysis of our qualitative data.  Specifically, we identified 
the themes of “having a voice, and having a choice” as resonant in terms of the 
planning of the implementation intention for our study participants.  Our group 
regularly stated that they appreciated the fact that they, and not the researcher, 
decided their plan.  They chose the “when, where and what” in a manner that fit 
their plan into their lifestyle.  In addition, the participants in our qualitative study 
frequently expressed that during the process of defining their implementation 
intention with the help of the interviewer, they felt competent to make a plan that 
would work for them.  Finally, participants frequently expressed that they felt that 
participating in the discussion to develop their implementation intention was 
motivating and enjoyable because, in their words, they felt that the researcher 
“cared” about them and their community.   
Feelings that one has a choice and/or agency in terms of enacting a behavior 
aligns well with the definition of perceived behavioral control as posited by the 
TPB.  Interestingly, when we look to the results from the cross-sectional study 
presented in Chapter 4 evaluating the efficacy of the TPB to explain fruit and 
vegetable intake in women of low SES, we determined that perceived behavioral 
control was a significant predictor of fruit and vegetable intake in this group.  With 
the qualitative results discussed above, there is support for targeting this 
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construct in future dietary health behavior change intervention research.   Of 
note, Self-Determination Theory (SDT) (Deci & Ryan, 1985; Deci & Ryan, 2008b) 
which includes the constructs of autonomy, competence and relatedness, has 
been studied recently in combination with the TPB to describe a variety of health 
behaviors (c.f. Hagger et al., 2002; Hagger et al., 2003; Hagger & Chatzisarantis, 
2007; Fortier et al., 2009; Hagger et al., 2012). 
A significant limitation to this study is our small sample size.  Unfortunately, 
we were limited in our recruitment of subjects such that we were unable to meet 
enrollment targets for the randomized controlled trial.  Although we were able to 
calculate effect size, we were not able to conduct meaningful hypothesis testing 
regarding the efficacy of the implementation intention intervention. 
Another limitation to this study is the self-reported nature of the TPB variables 
and dietary intake measures. We chose the assessment methods used in this 
study specifically to balance the use of validated instruments with the need for 
brief measurements that would not be overly burdensome. It is also possible that 
the low-income residents of public housing who participated in this study may not 
be representative of other public housing residents or low-income populations in 
urban areas. Our sampling approach whereby we enrolled participants from a 
group known to be willing to participate in research (i.e., the parent study) may 
have introduced a systematic bias into our results, and as such, the ability to 
generalize our results to all low SES groups or outside of public housing 
populations is limited (i.e., low external validity).   
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 Although we took steps to reduce social desirability bias with regard to 
follow up data collection, more could have been done.  Specifically, future studies 
of this type should structure surveys used for follow up data collection to include 
additional questions not related to the primary outcome to minimize biased 
participants’ responses with regard to outcome measurement.  
Conclusion 
 In summary, a pilot randomized controlled trial with feasibility analysis and 
a qualitative study were conducted to determine the feasibility, acceptability, and 
efficacy of an implementation intention intervention to increase fruit and 
vegetable intake in a group of women of low SES.  The results of our feasibility 
analyses suggest that this type of intervention may be feasible in a similar group, 
but only if the significant barriers to recruitment can be overcome. Our qualitative 
study of the experiences of low SES women who participated in the intervention 
suggests that this type of intervention is acceptable.  Limited analyses of our pilot 
randomized controlled trial showed no difference in fruit and vegetable intake 
from baseline to follow up within or between study groups. Future research that 
examines interventions based upon behavior change models, including 
implementation intentions to promote positive health behavior change in low- 
income populations, is needed to determine the most feasible and efficacious 
interventions to improve health behaviors in these often-marginalized groups. 
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CHAPTER SIX 
Dietary Intake Assessment in Women of Low Socioeconomic Status 
Abstract 
Objective 
 Comprehensive evaluation of dietary interventions relies upon the 
effective and efficient measurement of diet, including fruit and vegetable (FV) 
intake.  To date, little is known regarding which self-reported measure of dietary 
intake is most feasible and acceptable for use when evaluating the effectiveness 
of diet intervention studies in underrepresented groups.  This research focused 
on evaluating the agreement, feasibility, and acceptability of 2 self-report 
measures of FV intake as well as the frequency of Nutrition Facts label use in 
women of low SES.  
Methods 
 Data come from the evaluation cohort of women participants in the 
“Healthy Families” study described in Chapter 4.  Two interviewer-administered 
24-hour recalls and the 110-item 2005 Block food frequency questionnaire (FFQ) 
were administered to both English- and Spanish-speaking subjects (n=36) by 
native English- and Spanish-speaking research team members.  Upon 
completion of all three dietary assessments, participants were interviewed 
regarding their preference of measure using a structured format.  Data for FV 
intake (servings per day) were analyzed descriptively for general comparison 
(median, IQR), median difference, and percent median difference.  Associations 
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between measurements of FV intake were determined via correlation analyses.  
Agreement between the two methods to measure FV intake was determined via 
the Bland-Altman method.  Feasibility was determined for enrollment (percent 
participants enrolled of those contacted to participate), contacts (mean number of 
contacts required to complete each diet assessment method), and retention 
(percent of total subject enrolled who completed all 3 measurements).  
Acceptability was determined through qualitative and quantitative analysis of 
interview questions regarding participant’s perceived ease or difficulty completing 
each measure.  Frequency of Nutrition Facts label reading was evaluated using a 
survey question and presented descriptively. 
Results 
 Over the 5-month trial, n=36 participants were enrolled of which n=29 
completed all three intake measures and n=26 completed all three measures and 
the interview.  Participants were mainly Hispanic/Latina (78.1%), mean age of 
37.0 (±7.6) years with less than high school education (51.6%).  Intake measured 
via the FFQ was higher than the average of the 2 24-hour recalls for vegetables 
but lower for fruit intake, though not significantly. Median nutrient intakes by both 
measures differed by an amount >10% for both fruit and vegetable intake.  
Associations between measures were poor, though statistical power was limited.  
Bland-Altman analyses showed both measures fell outside of clinically useful 
limits of agreement.  Feasibility targets were met for contacts (1.9, 1.6, 1.7 for 
each diet assessment measure vs. target of ≤2), but not for enrollment or 
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retention.  Participants indicated no preference for diet assessment method 
quantitatively (FFQ 35%; 24-hour recall 31%; both 27%) or qualitatively where 
participants reported that they “liked” and “learned” from completing both 
methods.  Nutrition Facts labels were reported to be accessed “sometimes” or 
“often” with 76.6% frequency. 
Conclusion 
 Our results suggest limited agreement between 2 24-hour recalls and a 
FFQ to measure FV intake.  Additionally, feasibility was limited mainly due to 
limited ability to enroll participants.  Both dietary intake measures were 
acceptable, with no overt preference reported between methods.  Participants 
accessed Nutrition Facts labels frequently.  Future research is needed to develop 
and evaluate dietary assessment methods for use with women of low SES. 
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Introduction 
 As relationships between diet and disease have emerged through 
epidemiologic research, so too have methods to measure dietary intake in the 
research setting.  Unfortunately, to date there is no single dietary assessment 
method available to researchers that measures true, usual intake in free-living 
populations (Krebs-Smith et al., 2015; Thompson et al., 2015; Lombard et al., 
2015). As such, the measurement tools that have been developed provide an 
estimate of true intake, and none are free from measurement error.  Diet records, 
24-hour recalls, and food frequency questionnaires (FFQs) are the current tools 
most often used to measure diet and nutrient intake in research studies 
(Johnson, 2002; Thompson & Subar, 2013), with weighed diet records of 3-7 
days historically considered the “gold standard”.  Which method is chosen is 
determined by a number of factors including the level of precision needed, 
participant burden, the outcome required for the research design, and cost.   
 The 24-hour recall method was developed to allow for the measurement of 
food or nutrients actually consumed by an individual on one or more specific 
days (Willett, 2013).  If used in prospective studies, a number of recalls are 
generally collected over the duration of the study.  The main determinant of how 
many days and over what length of time to collect this data depends upon the 
day-to-day variability of the food/nutrient to be measured and the accuracy 
desired as it is the day-to-day variability of intake that tends to be the greatest 
source of measurement error for this method (George et al., 2012).  Accordingly, 
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one can reduce this type of measurement error by increasing the number of days 
intake data is collected (Carroll et al., 2012).  Alternatively, if the primary 
objective is to determine a mean value for a group or population, a single day is 
adequate (Willett, 2013, p. 49).  
 Benefits to using 24-hour recalls to measure dietary intake include the 
ability to estimate absolute rather than relative intake, their “open ended” format 
which does not limit participants in their responses regarding the foods they eat, 
and the increased options one has for analysis as dietary intake can be analyzed 
for specific nutrients or particular groups of foods.  Limitations of the 24-hour 
recall method include subjects need to rely on episodic memory (a person’s 
unique memory of a specific event (Zimmerman 2014)).  Additionally, subjects 
need to recall the specific foods eaten on the specific day(s) in question, as well 
as to quantify portion size.  Also, there is a risk of over- or under-reporting by 
subjects to improve “social desirability”, as well as error in representing a 
participant’s usual intake, particularly if only a small number of days of intake are 
being captured.   
 FFQs were developed to fulfill the need for dietary intake measurement 
over longer periods of time.  In general, FFQs are questionnaires include listings 
of upwards of 100-200 food items that are generally grouped by nutrient 
composition.  In responding to a FFQ, participants are asked to report their usual 
intake of each item or food group listed by responding with regard to the 
frequency of intake (e.g., “never”, “once per week”, “once per month”).  Most of 
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the research using FFQs consists of epidemiologic studies where researchers 
look for measurement of the average long-term diet as well as a relative ranking 
of individuals in order to determine correlations or relative risk.  Food frequency 
methods allow for this type of analysis, and as such they are the tools most often 
used in this setting (Thompson & Subar, 2013), although not exclusively (c.f., 
Resnicow et al., 2001; Xinying et al., 2004; Lemacks et al., 2015; Fangupo et al., 
2015). 
 Advantages of FFQs include lower relative cost, reliance on semantic 
memory (memory of general facts) rather than episodic memory, and flexibility in 
terms of their design.  Questionnaires can be tailored to measure the intake of 
specific foods, or nutrients or a comprehensive assessment of the total diet.  
Limitations to the use of a FFQ to measure dietary intake include higher error 
associated with the estimation of an individual’s absolute intake, high participant 
burden associated with the completion of these often lengthy questionnaires, and 
the potential for decreased accuracy that may result from participants who 
become bored or fatigued.    
Nutrition Facts labeling on packaged foods was established in 1990 as 
part of the Nutrition Labeling and Education Act (NLEA) in effort to aid 
consumers to make healthy food choices (Nutrition Labeling and Education Act 
of 1990).  Interest in accessing Nutrition Facts labels is one way that consumers 
suggest that they are interested in and want to learn about the nutritional value of 
foods they eat. Use of Nutrition Facts labeling has been studied in the context of 
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the effect of label use on diet quality and nutrition knowledge (Kim et al., 2001; 
Perez-Escamilla & Haldeman, 2002; Cha et al., 2014; Miller et al., 2015).  As 
such, information regarding the frequency with which women of low SES access 
Nutrition Facts labels might be a useful proxy to assess interest in nutrition-
related information and diet quality in general, and fruit and vegetable intake in 
particular.  Also, although self-reported measures of diet in the form of 24-hour 
recalls and FFQs have been validated and used to measure dietary intake of 
both nutrients and foods in health-disparity populations, it is unknown if these two 
measures agree, or which self-reported measure would be most feasible and 
acceptable for use when conducting diet intervention studies in this group.  The 
primary aim of this research was to assess the feasibility, acceptability, and 
agreement of 2 24-hr recalls and a FFQ in women of low SES. A secondary aim, 
was to evaluate the frequency of Nutrition Facts label reading and to relate 
frequency of label reading to fruit and vegetable intake in this group.  
 Findings from this study will be used to guide future decisions about the 
most appropriate selection of diet intake assessment tool for use in research 
involving dietary intake behaviors among health disparity populations.  Although 
there have been a number of studies published with similar aims in 
underrepresented groups (Young et al., 2001; Wolin et al., 2008; Singh et al., 
Lee et al., 2011), to date none have been published which look specifically at the 
feasibility, acceptability, and agreement of two self-reported dietary assessment 
methods exclusively in this population. 
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Methods 
 Participants.  Participants for this study were enrolled from the adult 
evaluation cohort of a parent study that examined multiple development-level 
interventions to improve BMI, activity, and fruit and vegetable intake in women 
and their dependent daughters residing in Boston Public Housing.  Details 
regarding the rationale, trial design, and baseline data for this study are 
published elsewhere (Quintiliani et al., 2014) (Appendix A).  
 Experimental design.  Potential study participants for this cross-sectional 
study were recruited from the evaluation cohort of the Healthy Families study 
beginning in December 2014 using a list of Boston Public Housing development 
names and apartment numbers, first and last name of participants, and primary 
language (English or Spanish). Recruitment ended in March 2015 after contact 
was attempted for all eligible subjects at least three times.   
 Two dietary assessment methods were administered to both English and 
Spanish speaking subjects by native English and Spanish speaking study team 
members: 1) 2 interviewer-administered 24-hour dietary recalls, and 2) an 
interviewer-administered Food Frequency Questionnaire (the Block FFQ 2005©).  
Dietary assessment data collection followed a specific order and timeline.  
Dietary intake data collection was limited to a 90-day time period.  The first 24-
hour recall intake data were collected within 30 days of enrollment.  The second 
24-hour recall intake data was collected within 30 days of the first recall, and the 
FFQ intake data were collected within 30 days of the second 24-hour recall.   
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 Data to evaluate feasibility were collected throughout the study period.   
Data to evaluate acceptability were collected after all three diet assessment 
measures were collected.   Data to evaluate frequency of Nutrition Facts label 
reading were collected during the 1-year follow up survey for the parent study. 
 Data collection.  Demographic data (age, race/ethnicity, level of 
education), height and weight, and the measure of frequency of Nutrition Facts 
label reading were collected on the entire English- and Spanish - speaking cohort 
of the parent study (n=211) prior to the beginning of data collection for the current 
study.   
 Procedures.  Flyers were mailed out to Healthy Families study 
participants notifying them that study team members may pay a home visit to 
invite them to participate in a new study. After the flyers were mailed out, 
potential participants were approached up to three times via a home visit.  If an 
individual was not at home, the mailed flyer was left at the residence.  If 
available, participants were provided with sufficient information about the study to 
allow for informed consent.  Documentation of verbal informed consent was 
made by the study team on a study tracking form.  Recruitment was continued 
until up to 15 residents at a development had been enrolled, at which time 
recruitment shifted to the next development until all 10 eligible developments had 
been visited.  Participants received a $10 gift card for each assessment they 
completed, up to $30.   
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Measures. 
 Demographic.  Age, education level, and race/ethnicity were collected via 
survey.  Height was measured using a standard measuring tape, and weight was 
obtained using a digital scale, which recorded weight to the nearest 0.01 kg.   
 Dietary assessment: 24-hour recalls. Research staff with both English 
and Spanish as their first language were trained in administering the 2 24-hour 
recalls through a service offered by the Boston Obesity Nutrition Research 
Center’s (BNORC) Core.  Twenty-four hour recalls were obtained using a 
multiple pass (three) method as informed by the literature (Blanton et al. 2006; 
Moshfegh et al. 2008).  A number of supplemental visuals were used to assist 
participants in the estimate of portion sizes including measuring and drinking 
cups, measuring spoons, and a number of pictorial representations of serving 
sizes.  Other aids used to insure accuracy and completeness of reported foods 
and portions included a list of standard and specific probes, a 24-hour recall “cue 
card”, and both a detailed and abbreviated script, which contained procedural 
information.  In conjunction with the dietary data collected for the 2 24-hour 
recalls, supplementation questions were asked of participants at the end of the 
interview.  Specifically, participants were asked whether or not the food 
reportedly consumed in the 24-hour recall was “typical”, “considerably more” or 
“considerably less”, the last time the participant ate or drank prior to the 
interview, the interviewer’s opinion of the information provided in the 24-hour 
recall (“reliable”, “unable to recall 1 or more meal(s)”, “unreliable for other 
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reasons”), the day of the week that the 24-hour recall represented, and a 
reminder for the research assistants to include in the 24-hour recall 
documentation of dietary supplements, vitamins, herbs, canned supplement 
drinks and any alcoholic beverages.  A sample of the form used to collect the 24-
hour recall data is provided in Appendix F.  Upon completion of the 24-hour recall 
data collection, subjects were asked to schedule a second 24-hour recall, and 
after the second 24-hour recall an appointment was made for completion of the 
FFQ. 
 Dietary intake data for the 24-hour recalls were collected and analyzed 
using Nutrition Data System for Research software version 2014, developed by 
the Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, 
MN.  Data were checked for completeness by the study coordinator (ER).  
Incomplete or unclear data were clarified with the study team.  Any dietary intake 
data that study staff were unable to clarify was entered into NDSR using a 
“standard portion” measure.  
. Dietary assessment: Block FFQ.  Food frequency data were collected 
using the 110-item Block Food Questionnaire 2005© in a bilingual format.  
Research assistants were trained on the administration of the FFQ by the 
principal investigator using a procedural script provided by NutritionQuest; the 
company that developed and markets the Block FFQ.  Research assistants read 
the instructions and questions to the participants in their native language.  As 
with the 24-hour recalls, a pictorial of serving sizes was provided by 
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NutritionQuest as a companion to the FFQ, and a “flash card” which contained 
the response options for “how often” reported foods were consumed was 
included to insure both accuracy and completeness of reported foods and 
servings on the FFQ.  Upon completion of the FFQ, subjects were asked to 
schedule a time when the research team could contact them by telephone to 
interview them regarding the perceived ease or difficulty completing each diet 
assessment method.   
 Data obtained from the FFQs were checked for completeness by the study 
coordinator (ER).   Incomplete or unclear data were clarified with study research 
assistants.  Complete intake data were then sent to NutritionQuest for input and 
analysis.  Data entry was completed by an analyst experienced in dietary data 
entry, the Block FFQ, and the USDA Food and Nutrient Database for Dietary 
Studies (FNDDS) (US Department of Agriculture/Agricultural Research Service, 
2014).   
 Feasibility:  To evaluate feasibility in terms of enrollment, contacts and 
retention, data regarding the date, time and response to each home visit was 
kept on a tracking form (Appendix G).  Additional data collected on this form 
included whether or not the subject was available at the time of the home visit, 
the subject’s age, plans to move within 2 months, interest in learning more about 
the study, interest in participation and availability to complete consent during the 
visit.  Also, the outcome of each home visit was recorded: “no answer”, “agreed 
to participate, enrolled, consented”, “eligible and declined”, or “ineligible” with 
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reason noted.  Finally, agreed upon time to reschedule, contact information, and 
number of attempts to contact participants was noted.  Additional data included 
the number of subjects who completed all three diet assessment measures and 
the final interview. 
Acceptability:  Acceptability was measured both quantitatively and 
qualitatively.  After subjects completed the dietary assessments, they completed 
a structured interview designed to elicit feedback regarding the acceptability of 
each diet assessment method (Appendix H).  Closed-ended and open-ended 
questions regarding method preference were used.   
Correspondence theory was used as the foundation of the qualitative 
measurement of acceptability (Patton 2002).  Correspondence theory defines the 
inquiry in terms of seeking to understand “what’s really going on in the real 
world?” and “how can we study a phenomenon so that our findings correspond, 
insofar as possible, to the real world?” (Patton, 2002, p. 91).  Questions were 
constructed to obtain participant’s perceptions of the relative ease or difficulty 
understanding and completing both measures.  The interviewer transcribed 
participant responses directly on to the interview guide. 
Nutrition Facts label use: Nutrition Facts label use was assessed via a 
single item: “When you shop for groceries, how often do you read the food 
label?”.  Respondents were asked to answer this question using a Likert-type 
scale ranging from “often”, to “sometimes”, to “never/rarely”. 
 Analysis plan.   Sample size for our agreement analyses was estimated 
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as n=85 participants using an expected correlation between diet assessment 
measures of r=0.30, 1-β of 0.80, and α=0.05 (Dell et al., 2002).    
 Dietary intake data obtained from both the 2 24-hour recalls and the Block 
FFQ were analyzed quantitatively using either the University of Minnesota’s 
Nutrition Data System for Research (NDSR) version 2014, developed by the 
Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, MN, 
(24-hour recalls) or the USDA Food and Nutrient Database for Dietary Studies 
(FNDDS) (US Department of Agriculture/Agricultural Research Service, 2014)   
 (FFQ).  To determine intake derived from the 2 24-hour recalls, the average of 
the two measurements was used as is customary.  Analyses were conducted for 
comparison of total calories, macronutrients (total protein (g), total carbohydrate 
(g), total fat (g)), and micronutrients (vitamin C (mg) and β-carotene (mcg)).  
Vitamin C and β-carotene were included in this descriptive analysis as they are 
a) nutrients which are present in large concentrations in fruit and vegetables, and 
as such have been used as biomarkers in studies of fruit and vegetable intake 
(Pennant et al., 2015), and b) relationships between the measurement of these 
nutrients are associated with measurement of total fruit and vegetable intake 
(McGrath et al., 2014; Souverein et al., 2015; Vandevijvere et al., 2012).  
Analyses for comparability between the two diet assessment methods were 
guided by Cade et al., 2002.   
First, all data were examined for normality. As the normality assumption 
was violated, we used non-parametric statistics for all bivariate analyses.  Data 
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were analyzed descriptively for general comparison using the median and 
interquartile range (IQR).  Testing for statistically significant differences between 
measures was conducted using the Rank sum test.  After the descriptive 
analysis, the degree of difference between the two measures was calculated and 
presented as the median of the difference (with IQR) and the percent median 
difference.  Strength and direction of any association between the two diet 
assessment measures (24-hour recalls and FFQ) as well as the extent to which 
the methods rank individuals comparably according to nutrient intake was 
determined using the Spearman rank correlation coefficient.   
 Using the means of the intake data, scatter plots were used to visualize 
the data comparing the two dietary intake assessment methods for fruit and 
vegetable intake (servings per day).  Agreement between the two methods to 
measure fruit and vegetable intake was determined for subjects who completed 
all three measures via the Bland-Altman method (Bland & Altman, 1999; Bland & 
Altman, 2010).  The methods were determined to adequately agree if the 
differences between all measures were distributed evenly across the range of the 
averages of all measures.  In general, methods are determined to agree if the 
differences between all measures plotted against the average of all measures lie 
within the 95% confidence interval limits of agreement, though “how far apart 
measurements can be without causing difficulties will be a question of judgment”, 
and should be defined in advance (Bland & Altman, 2010, p. 933). 
 Feasibility was determined quantitatively using three domains: enrollment, 
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contacts, and retention (Bowen, 2009; Leon et al., 2011; Tickle-Degnen, et al., 
2013). Targets used to determine feasibility were obtained from the literature 
when available (Lindner 2001; Gersten, 2005).  When not available from the 
literature, targets to determine feasibility were drawn from the collective clinical 
and research experience of the group (LMQ, DJB) (Tickle-Degnan et al., 2013).  
Table 15 outlines the metrics used for the feasibility analyses.  
 
Table 15. Metrics for feasibility analyses 
Domain Measure* Target 
Enrollment • % of subjects enrolled of those 
contacted to participate 
 
   # of subjects enrolled 
Total # subjects approached 
> 85%  
(Lindner, 2001) 
Contacts • Contact attempts required to complete 
measures 
 
# contact attempts/measure 
total # completing measure 
≤ 2 
Retention • % of enrolled who completed all 3 
measures and interview 
 
total # SS complete all measures 
total # enrolled 
≥ 70%  
(Gersten, 2005) 
*SS = Study Subjects 
 
Feasibility of enrollment was defined as the number of subjects enrolled into the 
study out of those contacted to participate.  Feasibility of contacts was defined as 
the number of contact attempts required to complete each of the measures.  
Feasibility of retention was defined as the percent of total subject enrolled who 
completed all 3 diet assessment measurements.  Dietary assessment methods 
were determined to be feasible for enrollment if >85% were enrolled, contacts if 
  
151 
≤2 attempts were needed to complete each method, and retention if ≥70% of 
enrolled subjects completed all 3 measures.  These results are presented 
descriptively.   
 Quantitative data for acceptability were analyzed for frequency of 
response and are presented descriptively.  Qualitative data were analyzed for 
emergent themes using inductive analysis and creative synthesis (Patton 2002). 
The principal investigator (MAD) coded all of the text answers to the questions by 
hand.  Primary codes for the analysis for acceptability were derived from the 
interview question domains and were used for the initial coding.  Secondary 
(axial) codes were then developed by the principal investigator through repeated 
analysis of the content of the transcripts. From this inductive, iterative process, a 
final codebook was developed to guide the final analysis.   
 A number of strategies were employed to enhance internal validity for all 
qualitative analyses.  First, reliability of coding was evaluated through the use of 
a second coder (MC) who performed coding on all text question answers using 
the final codebook.  Following the second coding, a debriefing session was 
conducted between coders where codes were discussed until consensus was 
reached on the application of each code.  The number of discrepancies that 
remained after the debriefing session, as well as the initial coding reliability, are 
reported.  Second, methods triangulation was used whereby data regarding 
method preference obtained from participant answers to the quantitative data 
were compared with those obtained through the qualitative data.  Finally, the 
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principal investigator engaged in the process of reflexivity with regard to self, 
those studied and the audience in effort to identify thoughts that might “cloud” or 
interfere with the objectivity sought in the analysis (Patton 2002, p. 495). 
 The analytic framework approach chosen to organize and present the 
analyses clustered by process (Patton 2002): 24-hour recall method, FFQ 
method.  Themes/patterns were presented in a way that sought to provide 
accurate and authentic “real world” answers to satisfy the research purpose: 
acceptability of each dietary assessment method.    
 Nutrition Facts label use was derived from analysis of the frequency 
responses indicated for the survey question regarding the use of nutrition facts 
labels on foods.  Spearman rank correlation coefficient was then conducted to 
test for associations between fruit and vegetable intake for both intake measures 
with frequency of label reading for participants who completed all 3 intake 
measures and the Nutrition Facts label reading survey question.  Results are 
presented descriptively. 
 All quantitative analyses were conducted using SAS 9.3© (SAS Institute, 
Cary, NC).  Statistical significance was determined at α=0.05.   
Results 
 Participant flow.  A CONSORT diagram of participant flow throughout the 
study is presented in Figure 5.  The study was conducted over a total of 5 
months (December 2014 through April, 2015).  Over that time a total of n=36 
(56/70 approached) participants were enrolled in the study.  Of the 36  
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Figure 5. CONSORT diagram of participant flow through the study. 
 
 
  
Initial Population 
211 
Attempted Contact 
109 
Established Contact 
70 
Enrolled in Study 
36 
Completed Diet 
Assessments 
29 
Did Not Contact – 102 
 Never Contacted Housing Development – 71 
 Moved out of Housing Development – 20 
 Subject Enrolled in Other Study – 11  
Could Not Contact – 39 
 No Answer at Door – 22 
 Spoke to Family Member Only – 15 
 Did not Speak English or Spanish – 2  
Did Not Enroll – 34 
 Declined Participation – 15 
 Interested, but did not Enroll – 19  
 
Missing Components – 7 
 Completed 1 Recall, No FFQ – 4   
 Completed 2 Recalls, No FFQ – 3  
Completed Diet 
Assessments and 
Interview 
26 
 
Could Not Contact -- 3 
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participants enrolled, 29 (80%) completed all 3 dietary intake assessment 
measures (2 24-hour recalls and the FFQ), and 26 (72%) completed all 3 dietary 
intake assessment measures and the interview.   
 Participant characteristics.  Participant demographics are presented 
descriptively in Table 16.  Participants had a mean age of 37.0 (±7.6) years.  
Hispanic/Latina subjects comprised the majority race/ethnicity (78.1%), followed 
by black/African American (15.6%), and the majority of participants were 
Spanish-language speakers (58%).  Most of the participants had a less than high 
school education (51.6%) or were high school/GED educated (24.3%).  Close to 
7% had a college degree.  
 
Table 16. Participant characteristics 
  
 
 
 
 
 
 
 
 
Descriptive analyses of select nutrients/foods.  The results of our 
analyses comparing the medians of intake data obtained using the 24-hour recall 
method with that obtained using the FFQ are presented in Table 17. 
 n = 36 
Age, mean years (SD) 37.0 (7.6) 
Race/ethnicity 
  Black or African American 
  Hispanic or Latino 
  Refused 
  Missing 
 
5 (13.9%) 
25 (69.4%) 
2 (5.6%) 
4 (11.1%) 
Language 
  English  
  Spanish  
 
15 (42%) 
21 (58%) 
Highest level of education 
  < High School  
  High School graduate/GED  
  Some College/Technical School 
  College Graduate 
  Missing 
 
15 (41.6%) 
7 (19.4%) 
5 (13.8%) 
2 (5.5%) 
7 (19.4) 
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Table 17. Comparing 2 24-hour recalls with FFQ for select nutrients/foods (n=29) 
 
 24-hour recalls FFQ p-value† 
Kcal 1301.61 (770.06) 1631.80 (533.94 0 0.0091** 
Carbohydrate (g) 179.29 (107.31) 183.39 (94.66) 0.3232 
Protein (g) 49.31 (26.47) 63.57 (35.06) 0.0287* 
Fat (g) 41.56 (22.47) 71.04 (35.76) 0.0004** 
Vitamin C (mg) 70.29 (60.43) 73.38 (74.31) 0.1670 
Β-carotene (mcg) 1782.49 (3098) 3038.24 (2841) 0.0386* 
Fruit (servings/day) 1.34 (2.83) 1.00 (1.11) 0.0877 
Vegetables 
(servings/day) 1.36 (1.60) 1.57 (2.76) 0.3366 
*p<.05, p<.01**, p<.0001*** 
†Sign rank test 
‡median (IQR) 
 
 
Food and nutrient intake was consistently estimated higher using the FFQ than 
with the 24-hour recall method for all nutrients except for daily servings of fruit 
where the 24-hour recall method estimated higher intake.  Of those 
nutrients/foods that were estimated higher by the FFQ, total calories, protein, fat, 
and β-carotene were higher than the estimates using the 24-hour recall method 
with statistical significance (p=0.0091, p=0.0287, p=0.0004, p=0.0386, 
respectively). 
 A comparison of select nutrients/foods for differences between methods 
as well as how well the methods comparatively rank individuals according to 
intake is presented in Table 18.  
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Table 18. Comparing 2 24-hour recalls with FFQ for select nutrients/foods (n=29) 
 
 Median of the 
difference (IQR)† 
Percent 
median 
difference‡ 
Rank§ 
Kcal 353.06 (828.90) 25.3 0.25 (0.1755) 
Carbohydrate (g) 16.56 (111.95) 2.2 0.41 (0.0260)* 
Protein (g) 17.32 (47.57) 28.9 0.12 (0.5261) 
Fat (g) 24.74 (37.30) 70.9 0.18 (0.3387) 
Vitamin C (mg) 19.18 (52.73) 4.3 0.45 (0.0132)* 
Β-carotene (mcg) 1506.25 (3849) 70.4 0.29 (0.1170) 
Fruit 
(servings/day) - 0.19 (2.43) - 25.3 0.32 (0.0930) 
Vegetables 
(servings/day) 0.17 (2.10) 15.4 0.16 (0.3997) 
 
*p<0.05, **p<0.01, ***p<0.0001 
†FFQ - 24-hour recall 
‡FFQ – 24-hour recall/24-hour recall 
§Spearman rank correlation coefficient (p-value)  
 
The median of the difference for select nutrients/foods estimated by the 2 24-
hour recalls and FFQ was positive for all foods/nutrients analyzed with the 
exception of fruit intake reflecting the higher estimated intakes using the FFQ.  
The intake of two nutrients/foods was estimated within a 10% median 
difference: carbohydrate and vitamin C (2.2%, 4.3%, respectively).  Additionally, 
both measures were determined to rank individuals comparably on their intake of 
carbohydrate and vitamin C (r=0.41, p=0.0260; r=0.45, p=0.0132, respectively). 
A comparison of intake estimates for select foods/nutrients between 24-
hour recall measurements (1 versus 2) is presented in Table 19.  
  
  
157 
Table 19. Comparing medians for 24-hour recall 1 with 24-hour recall 2 for select 
nutrients/foods (n=29) 
 
 24-hour recall 1 24-hour recall 2 p-value† 
Kcal 1101.29 (849.00) 1564.10 (818.43) 0.2115 
Carbohydrate (g) 149.57 (135.13) 205.70 (152.04) 0.5330 
Protein (g) 42.12 (41.72) 41.56 (41.13) 0.4396 
Fat (g) 30.70 (23.12) 47.28 (39.66) 0.2196 
Vitamin C (mg) 38.72 (92.96) 58.00 (86.52) 0.8911 
Β-carotene (mcg) 792.06 (1805) 896.59 (4719) 0.4396 
Fruit (servings/day) 1.53 (2.86) 0.97 (2.12) 0.5497 
Vegetables 
(servings/day) 1.44 (2.49) 1.30 (2.18) 0.6655 
*p<0.05, **p<0.01, ***p<0.0001 
†Sign rank test 
‡median (IQR) 
 
Food and nutrient intake was estimated higher in 24-hr recall 2 than in 24-hr 
recall 1 for all nutrients/foods except protein, and both fruit and vegetable 
servings per day, but these differences were not significant.   
A comparison of 24-hour recall 1 with 24-hour recall 2 for median of the 
difference, percent median difference and the ability to rank individuals 
comparatively for intake of select foods and nutrients is presented in Table 20.  
Table 20. Comparing 24-hour recall 1 with 24-hour recall 2 for select 
nutrients/foods (n=29) 
 Median of the 
difference (IQR)† 
Percent median 
difference‡ 
Rank§ 
Kcal - 251.02 (817.02) - 29.3 0.47 (0.0093)** 
Carbohydrate (g) - 3.46 (102.25) - 27.2 0.45 (0.0134)* 
Protein (g) - 4.84 (56.29) 1.3 0.07 (0.7033) 
Fat (g) - 11.44 (54.30) - 35.0 - 0.08 (0.6732) 
Vitamin C (mg) 1.70 (122.10) - 33.2 0.10 (0.5898) 
Β-carotene (mcg) 11.79 (4704) - 11.6 0.21 (0.2599) 
Fruit (servings/day) 0.00 (2.98) 57.7 0.21 (0.2751) 
Vegetables 
(servings/day) 0.00 (2.09) 10.7 0.37 (0.0481)* 
*p<0.05, **p<0.01, ***p<0.0001 
†24-hour recall 1 - 24-hour recall 2 
‡24-hour recall 1 – 24-hour recall 2/24-hour recall 2 
§Spearman rank correlation coefficient (p-value)  
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The median difference between food and nutrients estimated by 24-hour recall 1 
and 24-hr recall 2 was negative for all foods/nutrients analyzed with the 
exception of the median intake of vitamin C, β-carotene and servings per day of 
fruit and vegetables (median=1.70, IQR=122.10; median=11.79, IQR=4704; 
median=0.00, IQR=2.98; median=0.00, IQR 2.09, respectively).   
The intake of only 1 nutrient/food was estimated between 24-hour recalls 
within a 10% median difference: protein (-1.3%).  Additionally, both measures 
were determined to rank individuals comparably on their intake of total calories, 
carbohydrate and vegetables (r=0.47, p=0.0093; r=0.45, p=0.0134; r=0.37, 
p=0.0481, respectively). 
The results of our analysis comparing intake data obtained using 24-hour 
recall 1 compared with that obtained using the FFQ are presented in Table 21. 
 
Table 21. Comparing 24-hour recall 1 with FFQ for select nutrients/foods (n=29) 
 24-hr recall 1 FFQ p-value† 
Kcal 1104.29 (849.00) 1631.89 (533.94) 0.0079** 
Carbohydrate (g) 149.57 (135.13) 183.39 (94.66) 0.2036 
Protein (g) 42.12 (41.72) 63.57 (35.06) 0.0600 
Fat (g) 30.70 (23.12) 71.04 (35.76) 0.0002** 
Vitamin C (mg) 38.72 (92.96) 73.38 (74.31) 0.0942 
Β-carotene (mcg) 792.06 (1805) 3038.24 (2841) 0.0016** 
Fruit 
(servings/day) 1.53 (2.86) 1.00 (1.11) 0.2196 
Vegetables 
(servings/day) 1.44 (2.49) 1.57 (2.76) 0.3559 
*p<0.05, **p<0.01, ***p<0.0001 
†Sign rank test 
‡median (IQR) 
 
Food and nutrient intake was consistently estimated higher using the FFQ than 
when estimated in 24-hour recall 1 for all nutrients/foods except for daily servings 
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of fruit, which was estimated as higher with 24-hr recall 1.  Of those 
nutrients/foods that were estimated higher by the FFQ, total calories, fat, and β-
carotene were higher than the estimates using the 24-hour recall method with 
statistical significance (p=0.0079, p=0.0002, p=0.0016, respectively). 
 A comparison of select nutrients/foods for difference between 24-hour 
recall 1 and the FFQ, as well as how well each comparatively ranks individuals 
according to intake is presented in Table 22.  
 
Table 22. Comparing 24-hour recall 1 with FFQ for select nutrients/foods (n=29) 
 Median of the 
difference (IQR)† 
Percent 
median 
difference‡ 
Rank§ 
Kcal 556.28 (872.54) 47.7 0.07 (0.6976) 
Carbohydrate (g) 14.78 (118.25) 22.6 0.28 (0.1401) 
Protein (g) 20.62 (63.04) 50.9 - 0.08 (0.6566) 
Fat (g) 25.39 (45.05) 131.4 - 0.10 (0.5758) 
Vitamin C (mg) 27.79 (59.95) 89.5 0.22 (0.2320) 
Β-carotene (mcg) 1911.31 (2829) 283.5 0.23 (0.2269) 
Fruit 
(servings/day) - 0.49 (2.21) - 34.6 0.23 (0.2115) 
Vegetables 
(servings/day) 0.70 (1.60) 9.0 0.08 (0.6786) 
*p<0.05, **p<0.01, ***p<0.0001 
†FFQ - 24-hour recall 1 
‡FFQ – 24-hour recall 1/24-hour recall 1 
§Spearman rank correlation coefficient (p-value)  
 The median difference between food and nutrients estimated by 24-hour 
recall 1 and the FFQ was positive for all nutrients/foods analyzed with the 
exception of median servings per day of fruit (median = -0.49, IQR=2.21).   
The only estimate of intake of nutrients/foods that fell within a 10% median 
difference is for vegetables (9.0%).   No estimates of intake of nutrients/foods 
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were determined to rank individuals comparably on their intake.  
The results of our analysis comparing the median of intake data obtained 
using the 24-hour recall 2 compared with that obtained using the FFQ are 
presented in Table 23. 
 
Table 23. Comparing 24-hour recall 2 with FFQ for select nutrients/foods (n=29) 
  24-hour recall 2 FFQ p-value† 
Kcal 1564.10 (818.43) 1631.89 (533.94) 0.0287* 
Carbohydrate (g) 205.70 (152.04) 183.39 (94.66) 0.5471 
Protein (g) 41.56 (41.13) 63.57 (35.06) 0.0815 
Fat (g) 47.28 (39.66) 71.04 (35.76) 0.0010** 
Vitamin C (mg) 58.00 (86.52) 73.38 (74.31) 0.5330 
Β-carotene (mcg) 896.59 (4719) 3038.24 (2841) 0.1474 
Fruit 
(servings/day) 0.97 (2.12) 1.00 (1.11) 0.6571 
Vegetables 
(servings/day) 1.30 (2.18) 1.57 (2.76) 0.1997 
*p<0.05, **p<0.01, ***p<0.0001 
†Sign rank test 
‡median (IQR) 
 
 
Food and nutrient intake was consistently estimated higher using the FFQ than 
when estimated in 24-hour recall 2 for all nutrients/foods with the exception of 
carbohydrate.  Of those nutrients/foods that were estimated higher by the FFQ, 
total calories, and fat were higher than the estimates using 24-hour recall 2 with 
statistical significance (p=0.0287, p=0.0010, respectively). 
 A comparison of select foods/nutrients for difference between 24-hr recall 
2 and the FFQ as well as how well each comparatively rank individuals according 
to intake is presented in Table 24. 
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Table 24. Comparing 24-hour recall 2 with FFQ for select nutrients (n=29) 
  
 
Median of the 
difference (IQR)† 
Percent 
median 
difference‡ 
Rank§ 
Kcal 243.21 (722.05) 4.3 0.36 (0.0495)* 
Carbohydrate (g) 11.83 (112.68) - 10.8 0.37 (0.0442)* 
Protein (g) 16.49 (49.49) 52.9 0.26 (0.1615) 
Fat (g) 21.39 (33.63) 50.2 0.35 (0.0606) 
Vitamin C (mg) 11.30 (77.84) 26.5 0.37 (0.0424)* 
Β-carotene (mcg) 1648.38 (2655) 238.8 0.26 (0.1647) 
Fruit 
(servings/day) 0.21 (2.41) 3.0 0.26 (0.1665) 
Vegetables 
(servings/day) 0.36 (2.34) 20.7 0.20 (0.2956) 
*p<0.05, **p<0.01, ***p<0.0001 
†FFQ - 24-hour recall 2 
‡FFQ – 24-hour recall 2/24-hour recall 2 
§Spearman rank correlation coefficient (p-value) 
 
The median of the difference between food and nutrients estimated by 24-
hour recall 2 and the FFQ was positive for all nutrients/foods analyzed.   
The only estimate of food/nutrient intake that fell within a 10% median 
difference was carbohydrate (0.6%). Additionally, 24-hour recall 2 and the FFQ 
were determined to rank individuals comparably on their intake for total calories, 
carbohydrate and vitamin C (r=0.36, p=0.0495; r=0.37, p=0.0442; r=0.37, 
p=0.0424, respectively).   
Visual comparison between diet assessment measures.  The results 
of a scatter plot analysis of intake measurements using the mean of the 2 24-
hour recalls and the mean of the FFQ for intake of fruit is presented in Figure 6. 
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Figure 6. Scatter plot comparing mean intake estimates for servings per day of 
fruit using 2 24-hour recalls (x axis) and FFQ (y axis) (n=29) 
 
 
From the scatter plot we can see very little association between the 2 24-hour 
recalls and the FFQ to measure fruit intake.  Additionally, it appears that any 
association between the two methods deteriorates at higher estimates of intake.   
The results of a scatter plot analysis of intake measurements using the 
mean of the 2 24-hour recalls and mean of the FFQ for intake of vegetables are 
presented in Figure 7. 
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Figure 7. Scatter plot comparing mean intake estimates for servings per day of 
vegetables using 2 24-hour recalls (x axis) and FFQ (y axis) (n=29) 
 
 
From the scatter plot we can see very little association between the 2 24-hour 
recalls and the FFQ to measure vegetable intake.  Additionally, it appears that 
any association between the two methods deteriorates at higher estimates of 
intake.   
Two outliers from the FFQ method were identified in the initial checks of 
the data for normality.  In effort to evaluate agreement without these outliers, we 
ran a second scatter plot, which is presented in Figure 8.   
 
  
164 
Figure 8. Scatter plot comparing mean intake estimates for servings per day of 
vegetables using 2 24-hour recalls (x axis) and FFQ (y axis) with outliers 
removed (n=27) 
 
 
From this analysis we see little improvement in the association between the two 
measures. 
A scatter plot comparing intake of fruit measured with mean of 24-hour 
recall 1 and mean of 24-hour recall 2 is presented in Figure 9. 
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Figure 9. Scatter plot comparing mean intake estimates for servings per day of 
fruit using 24-hour recall 2 (x axis) and 24-hour recall 1 (y axis) methods (n=29) 
 
 
From the scatter plot we can see very little association between the 24-hour 
recall 1 and 24-hour recall 2 to estimate fruit intake.  Additionally, it appears that 
any association between the two methods deteriorates at higher estimates of 
intake.   
 A scatter plot comparing intake of vegetables measured with 24-hr recall 1 
and 24-hr recall 2 is presented in Figure 10. 
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Figure 10. Scatter plot comparing mean intake estimates for servings per day of 
vegetables using 24-hour recall 2 (x axis) and 24-hour recall 1 (y axis) methods 
(n=29) 
 
From the scatter plot we can see very little association between the mean of 24-
hour recall 1 and 24-hour recall 2 to estimate vegetable intake.  Additionally, it 
appears that any agreement between the two methods deteriorates at higher 
estimates of intake.   
 Figure 11 shows a Bland-Altman plot comparing the 24-hour recall method 
with the FFQ method to measure fruit intake (servings per day).   
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Figure 11. Bland-Altman plot to compare estimates of fruit intake (servings per 
day) between the 2 24-hour recalls and FFQ (n=29) 
 
 
 
From the Bland-Altman analysis we can see that measures of fruit intake 
obtained using the 2 24-hr recalls and the FFQ fall within the 2 standard 
deviation limits of agreement.  From this plot we can also visualize that the bias 
becomes more negative as the measured intakes become higher. 
 Figure 12 shows a Bland-Altman plot comparing the 2 24-hour recalls with 
the FFQ to measure vegetable intake.   
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Figure 12. Bland-Altman plot to compare estimates of vegetable intake (servings 
per day) between the 2 24-hour recalls and FFQ (n=29) 
 
 
 
From the Bland-Altman analysis we can see that measures of vegetable intake 
obtained using both the 2 24-hr recalls and FFQ do not fall within the 2 standard 
deviation limits of agreement.  In addition, it appears that the bias is greater at 
higher measured levels of intake.  The violation of the limits of agreement in this 
plot may be related to the presence the outlier values for vegetable intake noted 
in our previous analyses.  As with the scatter plot analysis, a second Bland-
Altman plot was created to assess for agreement with the outliers removed.  This 
plot is presented in Figure 13. 
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Figure 13. Bland-Altman plot to compare estimates of vegetable intake (servings 
per day) between the 2 24-hour recalls and FFQ with outliers removed (n=27) 
 
 
 
From this analysis we can see that agreement between the 24-hour recall and 
FFQ method is improved with the removal of the outliers to the point where the 2 
standard deviation limits of agreement are met. 
 Figure 14 shows a Bland-Altman plot comparing the 24-hour recalls for 
agreement regarding the measurement of fruit (servings per day).   
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Figure 14. Bland-Altman plot to compare estimates of fruit intake (servings per 
day) between 24-hour recall 1 and 24-hour recall 2 (n=29) 
 
 
 
 
From the Bland-Altman analysis we can see that measures of fruit intake 
obtained using each of the 24-hr recalls does not fall within the 2 standard 
deviation limits of agreement.  In addition, it appears that the bias is greater at 
higher measured levels of intake.   
Figure 15 shows a Bland-Altman plot comparing the 24-hr recalls for 
agreement regarding the measurement of vegetable intake.   
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Figure 15. Bland-Altman plot to compare estimates of vegetable intake (servings 
per day) between 24-hour recall 1 and 24-hour recall 2 (n=29) 
 
 
 
 
From the Bland-Altman analysis we can see that measures of vegetable intake 
obtained using each of the 24-hour recalls does not fall within the 2 standard 
deviation limits of agreement.  In addition, it appears that the bias is greater at 
higher measured levels of intake.   
 Feasibility analyses:  Feasibility analysis for enrollment, contacts and 
retention domains are presented in Table 25. 
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Table 25. Result of feasibility analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Target met 
For enrollment, the number of subjects who were enrolled out of those 
approached for enrollment did not meet our target (51% enrolled with a target of 
>85%).  For contacts, the number of contact attempts per dietary intake 
 n = 36 
Enrollment:  
Subjects enrolled out of those approached 36/70 (51%) 
Contacts:  
Recall 1 completed  
  Yes  
  No 
 
36 (100%) 
0 (0%) 
Number of attempts to recall 1 
  1 
  2 
  3 
  mean (SD) 
  
13 (36%) 
12 (33%) 
11 (31%) 
1.9 (0.8)* 
Recall 2 completed 
  Yes 
  No 
 
32 (89%) 
4 (11%) 
Number of attempts to recall 2 
  1 
  2 
  3 
  mean (SD) 
  
19 (53%) 
11 (31%) 
6 (17%) 
1.6 (0.8)* 
FFQ completed 
  Yes 
  No 
 
29 (81%) 
7 (19%) 
Number of attempts to FFQ ,  
  0 
  1 
  2 
  3 
  mean (SD) 
  
5 (14%) 
11 (31%) 
11 (31%) 
9 (25%) 
1.7 (1.0)* 
Retention:  
Subjects completing all 3 diet assessment measures 29 (81%)* 
Subjects completing all 3 diet assessment measures 
and interview 
 
26 (72%) 
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assessment measure required to complete that measure were met for the first 
24-hour recall, the second 24-hour recall and the FFQ (1.9±0.8; 1.6±0.8 and 
1.7±1.0, respectively).  For retention, the percent of enrolled subject who 
completed all three dietary intake assessment measures met our threshold 
(n=29, 80%).    
 Acceptability.   
 Quantitative analysis. A summary of the interview responses with regard 
to dietary intake assessment method preference is presented in Table 26.   
Table 26. Dietary assessment method preference indicated by subjects who 
completed post-intervention interview  
 
 n=26 
Interview acceptability questionnaire given  
  By phone 
  In person  
 
6 (23%) 
20 (77%) 
Participant indicated interview preference 
  FFQ 
  Recall  
  Both  
  Not Indicated 
 
9 (35%) 
8 (31%) 
7 (27%) 
2 (7%) 
 
Respondents were nearly equally divided between those who preferred the 24-
hour recall dietary intake assessment and those who preferred the FFQ dietary 
intake assessment (35% vs. 31%, respectively).    
 Qualitative analyses.  Debriefing between the two coders of the 
qualitative data resulted in a final value of 0 for discrepancies between codes and 
a 96% agreement between coders upon initial review.  A summary of processes, 
themes and subthemes of the qualitative analysis are presented in Table 27. 
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Table 27. Summary of processes, themes and subthemes developed from 
analysis of semi-structured interview data for diet assessment methods (n=26) 
 
Process Themes Sub-themes 
24-hour recall 
dietary data 
assessment 
method 
Participants liked 
completing the 24 hour 
recalls 
Liked the format (less questions, 
more detailed) 
Liked that it made them realize/pay 
attention/reflect on what they 
eat/ate 
Liked the timing/time it took 
Liked that the measure was 
“accurate” 
Participants learned from 
completing the 24-hour 
recalls 
Learned about portion sizes 
FFQ dietary 
data 
assessment 
method 
Participants liked 
completing the FFQ 
Liked the format (more choices) 
Liked reflecting on their intake over 
the course of a year 
Liked the timing (quick) 
Liked talking about food/intake 
Participants did not like 
completing the FFQ 
Did not like the format 
Did not like the timing (“too long”) 
Did not like being asked personal 
questions (e.g., “Do you smoke?”) 
Participants learned from 
completing the FFQ 
Learned about their eating habits 
 
Process 1: 24-hour recall dietary assessment method 
 Overall, subjects “liked” the 24-hour recall diet assessment method.  For 
many, the format was preferred as it contained “less questions”, and was in their 
eyes “more detailed”.  As one participant put it: “It was the easier of the two 
because it had less questions and was easy to remember what I ate the day 
before compared to what I ate all year.”  For many participants, completing the 
24-hour recall method was enjoyable because it made the participants 
realize/pay attention/reflect on what they eat.  Said one participant: “It made [me] 
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see what nutritious and non-nutritious foods [I] was consuming.” 
 Interestingly, a number of participants commented on their perceived 
accuracy with regard to 24-hour recall completion.  As explained by one 
participant: “…with the FFQ, [you] may only have an item once in a year or had in 
previous years, but not the current year, so it [the FFQ] is inaccurate at 
measuring fluctuations in the diet.”  Additionally, a number of participants 
commented that they learned from completing the 24-hour recall dietary 
assessment measure.  Learning for most participants was reported in the form of 
a better understanding of portion sizes. 
Process 2: FFQ dietary assessment method 
 Participant impressions of the FFQ dietary intake assessment method 
were mixed.  For participants who liked the FFQ, reasons expressed were that 
they liked the format (more choices) and/or they liked that the FFQ asked that 
they reflect on their dietary intake over the course of a year.  One participant 
stated that because the FFQ asked her more questions about what she eats and 
does not eat, she “learn[ed] about both those foods I am eating and the foods I 
am not eating at the same time.”  Participants also reported favorably with regard 
to the FFQ in terms of enjoying talking about their food intake to the interviewer, 
and many participants stated that completing the FFQ helped them learn about 
their eating habits. 
 Conversely, a number of participants expressed that they did not like the 
FFQ dietary intake measurement tool.  A couple of participants expressed they 
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did not like the format.  As one participant put it:  
 “I didn’t like that there were more questions about the foods I don’t eat.  
 For example, if I don’t have milk on cereal, I don’t like being asked about 
 milk in coffee, milk in tea, glasses of milk, etc.  If I don’t drink it, I don’t 
 drink it…don’t need extra questions – waste of time.”   
In line with commonly held beliefs regarding FFQs, a number of participants 
stated that they did not like the timing of the FFQ.  For many it was “too long”.  
Others stated that they didn’t like answering the personal questions that were 
asked with the FFQ (e.g., “Do you smoke?”).  Interestingly, when mentioning 
what they liked or did not like about the FFQ method, participants made mention 
of the timing of the tool with some participants expressing that the tool was 
“quick” and others that it was “too long”. 
 Nutrition Facts label use 
 A summary of responses to the survey question regarding frequency of 
accessing Nutrition Facts labels on foods is presented in Figures 16, 17, and 18 
for n=30 subjects.  Data for this variable were missing from n=6 of our 
participants. 
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Figure 16. Frequency of accessing Nutrition Facts labels on foods (n=30) 
 
 
 
Figure 17. Frequency of accessing Nutrition Facts labels on foods by level of 
education (n=30) 
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Figure 18. Frequency of accessing Nutrition Facts labels on foods by 
race/ethnicity (n=30) 
 
 Greater than 75% of our participants reported that at least sometimes they 
accessed the Nutrition Facts labels on foods when grocery shopping.  When this 
information is stratified by level of education, 100% of our participants who 
graduated from college reported that they “often” and 80% of participants with 
less than high school education reported that they either “sometimes” or “often” 
checked the Nutrition Facts labels when grocery shopping.  When stratified by 
race/ethnicity, all of our black/African American participants reported that they 
“often” and 72% of our Hispanic participants reported that they either 
“sometimes” or “often” checked the Nutrition Facts labels when grocery 
shopping. 
 Limited correlation analyses to evaluate relationships between frequency 
of Nutrition Facts label reading and intake of fruit and vegetables for those 
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participants who completed all 3 diet intake measures and the Nutrition Facts 
label frequency question (n=26) demonstrated no association for all variables 
(vegetable intake: 24-hour recall vs. frequency, r=0.17, p=0.38; FFQ vs 
frequency, r=0.06, p=0.78; fruit intake: 24-hour recall vs. frequency r= -0.003, 
p=0.99; FFQ vs. frequency, r=0.08, p=0.69). 
Discussion 
 In order to evaluate the feasibility, acceptability, and agreement of two 
dietary intake assessment methods (i.e., 24-hour recall and FFQ) for fruit and 
vegetable intake, as well as to explore Nutrition Facts label use, we enrolled 
female residents of Boston public housing into a mixed-methods, cross-sectional 
study.  In addition to evaluating both dietary intake measures for fruit and 
vegetable intake, we also evaluated both measures for nutrients that have been 
shown to relate to fruit and vegetable intake (i.e., vitamin C and β-carotene).  
Post hoc analyses using multiple linear regression analyses of log-transformed 
data confirm these relationships in our dataset.  For mean 24-hr recall and FFQ 
data, vitamin C was significantly associated with fruit intake (servings per day) 
(R2=0.66, F[2,25]=24.77, p=.0001, βvitC = 0.52, t(1)=6.10, p=,.0001; R2=0.41, 
F[2,26]=9.06, p=0.0010, βvitC = 0.43, t(1)=4.23, p=0.0003, respectively) and β-
carotene was significantly associated with vegetable intake (servings per day) 
(R2=0.34, F[2,25]=6.41, p=0.0056, ββcar = 0.15, t(1)=2.84, p=0.0089; R2=0.84, 
F[2,26]=69.53, p=<.0001, ββcar=0.62, t(1)=7.72, p=<.0001, respectively).  
 Overall, comparison of both the 24-hour recall and FFQ intake data 
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showed significant differences in nutrient/food measurements between methods 
for total calories, protein, fat and β-carotene: the FFQ overestimated all of these 
nutrients when compared with the 24-hour recalls.  Our results are similar to 
those reported by Aaron et al., (2013) who compared nutrient intake measured 
using 24-hour recalls with an FFQ to estimate diet costs in a group of low income 
women in California.  In our analysis as well as theirs, the FFQ consistently 
yielded higher nutrient values than the 24-hour recall.  Unfortunately, fruit and 
vegetable intake was not measured as part of their study.  
 When comparing food/nutrient intakes using the percent median 
difference between the 24-hour recall and FFQ methods, we found that for the 
majority of foods/nutrients reported, the percent median difference was higher 
than 10%, suggesting that use of one or the other measurement tool to assess 
fruit and vegetable intake may bias findings. Our scatter plot analyses provide 
further confirmation of the lack of association between dietary intake 
measurement tools regarding fruit and vegetable intake as the plot comparing 
means by subject for each method showed wide dispersion around the line of 
equality.   
 It is well accepted (though not always practiced) that comparison of two 
measures is best performed by a Bland-Altman analysis (Bland & Altman 1990, 
1995, 1999, 2003).  When we view both Bland-Altman plots comparing the 2 24-
hour recall measures with those from the FFQ for both fruit and vegetable 
servings per day, we see that for only measurement of fruit servings per day did 
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both measures fall within the limits of agreement.  For vegetable intake, the limits 
of agreement were met between diet assessment methods only when outliers 
were removed from the analysis.  This suggests that one diet assessment 
method will agree with the other when measuring dietary intake of fruit and 
vegetables provided the 95% confidence interval limits of agreement are clinically 
relevant.  Unfortunately, this is likely to not be the case in most research using 
dietary intake assessment.  For example, when we look at the 95% confidence 
interval of the difference between the two measures for fruit intake, the limits of 
agreement allow for a range of differences in intake between the 2 measures of   
-3.76 to 2.40 servings per day.  Similarly, the 95% confidence interval of the 
difference between the two measures for vegetable intake, the limits of 
agreement would allow for a difference in intake between the 2 measures of -
5.35 to 6.93 servings per day. This level of variability between measures is likely 
too imprecise to conclude that the measures agree and are therefore 
interchangeable when used in settings where precision is needed.  Our 
correlation and scatter plot analyses support this lack of agreement between 
methods (though we are unable to rule out agreement in our correlation analyses 
as our study was underpowered). 
 The results of our feasibility analyses were mixed.  Although we did not 
meet our feasibility target for enrollment and retention, we did meet our feasibility 
target for contacts to complete each diet assessment method (24-hour recall 
and/or FFQ).  Recruitment and enrollment of subjects of low income and/or 
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underrepresented racial/ethnic minorities has been shown to be challenging 
(Carter-Edwards et al., 2002; Sullivan-Bolyai et al., 2007; Ejiogu, et al., 2011), 
and may often be the “rate limiting” step in research targeting these groups.  
Although we did employ “multifactorial methodologies” (Ejiogu et al., 2011, p. 
542) such as “flyering” and “door knocking” (in-person approach) to recruit and 
enroll our participants, we still did not meet our enrollment goal. 
 Additionally, although we met our feasibility target for retention, we did 
lose subjects from the diet assessment phase to the interview phase of the study.  
The majority of subjects who gave consent and entered the study completed the 
study inclusive of all three diet assessment measures (80%) though with attrition, 
our retention goal was not met for all three measures and the post-study 
interview (72%).  Retention of low income and/or underrepresented racial/ethnic 
minorities in research is another way research efforts are hindered in these 
groups (Yancey et al., 2006; Warner et al., 2013).  Our ability to retain our 
enrolled subjects for all three dietary assessment measurements may be related 
to our repeated contact by a small number of study team members who became 
familiar to our participants (Loftin, 2005) as well as the relatively short period of 
time within which this research was conducted (3 months).  (Although this does 
not explain our loss of three participants between the last dietary assessment 
measurement and the interview.) 
 We know of only one study where low-income participants were queried 
with regard to acceptability in connection with the completion of diet assessment 
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tools. Tooze et al. (2007) surveyed a group of low income, multi-racial/ethnic 
adults as part of their study aim to develop a self-report diet assessment tool for 
low-literacy, low-income populations.  As a part of this study, subjects were 
asked to answer 6 closed-ended questions on a scale of 1 through 4 for 
measures such as “difficult to answer”, “difficult to understand”, “enjoyable to 
answer”, “length of time to answer” with regard to their completion of each of 
three FFQs.  Tooze et al. (2007) found that most participant assessment scores 
for each FFQ averaged lower than 2.0 (less favorable).     
 Our qualitative analysis extends the findings of Tooze et al. (2007) with 
the use of questions designed to evoke participant preferences relative to 
completion of both 24-hour recalls and an FFQ.  We demonstrated that overall, 
participants had no preference for one method over the other.  For both the 24-
hour recalls and the FFQ participants reported that overall they “liked” the 
method and “learned” from completing the tool.  The only negative comments 
where participants suggested that they did not like a method were in relation to 
the completion of the FFQ.  Here, some subjects reported that they did not like 
the format or the length of time it took to complete the tool.  Interestingly, 
negative comments relative to the FFQ also came in the form of subjects 
reporting that they did not like being asked “personal questions”.  Daunt (2003) 
and George et al. (2014) in their reviews of the literature in this area report 
similar concerns from minority research participants.  They and others (c.f. 
Yancey et al., 2006; Ejiogu et al., 2011) suggest this specifically as one reason 
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why underrepresented groups may be hesitant to participate in research. As 
such, we caution against using unnecessary personal questions in dietary 
assessment research, or, if such questions are necessary, we suggest placing 
them at the end of the survey. 
 Through our analysis of a survey question regarding the frequency with 
which our participants accessed Nutrition Facts labels on foods, we determined 
that the majority of our cohort accessed the Nutrition Facts labels on foods at 
least “sometimes” or “often” (76.6%).   In a recent survey on food label use and 
its relation to dietary intake among US adults, Ollberding et al. (2010) used 
information obtained from the 2006-2006 NHANES survey to evaluate the 
prevalence of food label use and nutrient intake in a national sample of US 
adults.  Responses available to participants on this survey included: “always”, 
“most of the time”, “sometimes”, “rarely”, “never”, and “never seen”.  For their 
analyses, scores of “always”, “most of the time”, and “sometimes” were 
considered “users” and “rarely”, “never”, and “never seen” were considered non-
users.  Their results suggest that the frequency of use for the Nutrition Facts 
panel as a whole increased with age, female sex, education, and income.  
Additionally, frequency of use for the Nutrition Facts panel was more prevalent 
among Non-Hispanic whites than other Hispanic, Multi-racial/other, and Non-
Hispanic black participants.  For our participants, level of education did not 
appear to influence frequency of Nutrition Facts label use.  Specifically, 75% of 
our participants who reported a less-than High School level of education used 
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Nutrition Facts label at least “sometimes” or “often”.  This prevalence is greater 
than the prevalence of 39.6% presented by Ollberding et al. (2010) for their 
cohort with a less-than high school education.  As the majority (83.3%) of our 
participants were Hispanic, our data for Nutrition Facts label reading prevalence 
by race/ethnicity is limited except we do report a level of Nutrition Facts label 
reading among Hispanics which is greater than that reported by Ollberding et al. 
(2010) (72% vs. 58.7%).  These discrepancies between our prevalence data and 
that of Ollberding (2010) may reflect a selection bias among our study 
participants; those with a greater interest in food and nutrition may have agreed 
to participate with greater frequency than those who did not.  As such, further 
study into Nutrition Facts label use in women of low SES is warranted.    
 There are a couple of limitations to our study that should be mentioned.  
First, two different data bases were used for the analysis of dietary intake data.  
This may have contributed to the differences in nutrients described when 
comparing the 24-hour recall intake data with the FFQ intake data (i.e., 
systematic error).  Secondly, different time periods were assessed for the 24-
hour recalls and the FFQ.  As designed, 24-hour recalls measure intake on the 
day prior to data collection, whereas the FFQ measures dietary intake over the 
course of a year.  This discrepancy likely contributed to some error and may be 
reflected in the differences in nutrient intake that we found between methods.  
Third, although it is customary (and preferred) to include both mid-week and 
weekend days in the collection of 24-hour recalls, challenges contacting 
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participants for measurement prevented us from conforming to this approach.  As 
such, our results may reflect increased within-subject measurement error.  
Fourth, our sample size is comparatively small and the results of our quantitative 
analyses should be viewed in this light.  Fifth, as both 24-hour recalls and the 
FFQ were all assessed within a 90-day window, we cannot rule out some 
measure of learning bias as a result of the repeated exposure to the 
measurement process.  Finally, it is known that underreporting is common in diet 
assessment, particularly in women and low SES groups (c.f. Scagliusi et al., 
2009).  Unfortunately, we are unable to evaluate the level of underreporting in 
our study.   
Conclusion 
 The current study is unique in that it assessed feasibility, acceptability, 
and agreement relative to two dietary intake assessment methods (2 24-hour 
recalls and an FFQ) to measure fruit and vegetable intake, as well as frequency 
of Nutrition Facts label use in women of low SES.  Our results suggest that this 
type of study may not be feasible; particularly in terms of enrollment and 
retention.  We also demonstrate that 2-24 hour recalls and a FFQ do not agree 
when measuring fruit and vegetable intake.  Both dietary intake assessment 
methods were found to be acceptable to our cohort, and there is no overt 
preference for either tool, though participants expressed concerns regarding the 
length of time required and personal questions asked when completing the FFQ.  
Finally, the majority of our cohort indicated Nutrition Facts label use “sometimes” 
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or “often”.  Future research should look to expand the development of dietary 
assessment tools that are valid and feasible for use in research that involves 
dietary outcomes in low SES groups. 
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CHAPTER SEVEN 
Summary Discussion and Conclusions 
Review of Dissertation Specific Aims 
 Through cross-sectional, intervention, and qualitative designs, the 
research presented in Chapters 4, 5, and 6 of this dissertation has investigated, 
and the utility, feasibility, acceptability, and efficacy of the TPB and 
implementation intentions to describe and influence a dietary health behavior 
(fruit and vegetable intake) as well as the feasibility, acceptability, and agreement 
of self-reported 24-hour recalls and a FFQ to measure fruit and vegetable intake 
in women of low SES.   Prior to this work, the TPB and implementation intentions 
had not been studied in a population comprised exclusively of low SES women.  
As such, there was limited information in the literature regarding how useful the 
TPB would be to describe fruit and vegetable intake in this group, and whether or 
not an implementation intention intervention (an extension of the TPB) in women 
of low SES would be feasible, acceptable or efficacious.  Furthermore, there was 
limited research to determine how well select self-reported dietary intake 
assessment tools would agree or which assessment measure would be most 
feasible and acceptable for use when conducting diet intervention studies in 
underrepresented groups.  In this way, this dissertation research extends the 
literature by exploring the TPB and implementation intentions as theoretical 
foundations for understanding and influencing health behavior change (improved 
diet quality) as well as two self-report diet assessment measures for use in 
  
189 
intervention research in this often marginalized group.   
 With a cross-sectional survey (Chapter 4), we examined the utility of the 
TPB to explain fruit and vegetable intake by exploring the relationship between 
demographic and TPB variables and current fruit and vegetable intake in women 
of low SES.  We determined associations between variables, and constructed a 
model using the TPB that would best predict fruit and vegetable intake for our 
cohort.  Our research hypothesis was that the TPB would be a useful model to 
describe this dietary behavior in this group.   
Using a sample drawn from participants in the cross-sectional survey 
(Chapter 4), we conducted a pilot randomized controlled trial and feasibility 
analysis of an extension of the TPB (implementation intentions) to increase 
participant fruit and vegetable intake (Chapter 5).  Our research hypothesis was 
that an implementation intention intervention study would be feasible in this 
group, and (provided we could successfully enroll our sample size estimate) 
efficacious.  Also, given that our implementation intention intervention study was 
being conducted with a “novel population”, we performed a qualitative study of 
participant characterizations of their involvement in the intervention trial to 
determine if an implementation intention intervention was acceptable.  Through 
this hypothesis generating research we gained insight into how participants 
evaluated and characterized the trial processes: variable measurement, the 
implementation intention intervention itself, and overall study participation.   
 Using a cross-sectional survey (Chapter 6), we evaluated agreement 
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between 2 24-hour recalls and a FFQ to measure fruit and vegetable intake in 
women of low SES. Our research hypothesis was that the two measures would 
agree with each other and therefore future research in this group could base 
decisions regarding which measure to use on feasibility and acceptability 
(assuming one, the other, or both were deemed feasible and/or acceptable).  
With this in mind, we also evaluated the feasibility and acceptability of conducting 
both diet assessment measures in women of low SES. Our research hypothesis 
was that diet assessment would be feasible, and that participants would find both 
measures acceptable, but would indicate a preference for the 24-hour recall 
method given the participant burden associated with the length of time needed to 
complete a FFQ.    
Key Findings 
The Theory of Planned Behavior may be limited in its utility to 
describe fruit and vegetable intake in women of low SES.  Our results from 
the research conducted and presented in Chapter 4 suggests that the TPB, as 
currently formulated and measured, may be limited as a model upon which to 
base further research on health behavior change in populations comprised of 
women of low SES.  This finding is contrary to our initial hypothesis.  Although 
prior research using the TPB to predict health behaviors has demonstrated that 
the theory constructs account for a large percent of the variability in the health-
related behavior under study (Verplanken & Faes, 1999; Keller & Abraham, 
2005; McEachan et al., 2011), we did not demonstrate similar findings.  Why the 
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TPB may be limited in its ability to describe fruit and vegetable intake in our 
population is currently unknown, but may include the presence of unmeasured 
variables beyond those captured by the TPB, limitations to the current method of 
TPB construct measurement, greater importance of subjective norms, or another 
yet-to-be-identified influence on the theory when applied in research with women 
of low SES.  
 In addition, the TPB as proposed suggests that the strength of an 
individual’s goal intention is the strongest predictor of their behavior provided the 
behavior is volitional; in the case of non-volitional behaviors, perceived 
behavioral control is the best predictor.  Recent research applying the TPB to 
health behaviors in groups stratified by SES has demonstrated a reduction in the 
strength of the intention – behavior relationship, and a strengthening of the 
relationship between perceived behavioral control and behavior (Conner et al., 
2013).  Our findings support these results.  The regression analysis of the cross 
sectional survey data presented in Chapter 4, suggest that perceived behavioral 
control is the only significant predictor of goal intention strength and when used 
to describe fruit and vegetable intake is a statistically significant predictor (with 
BMI) for our study group.  It is clear that further research that utilizes the TPB to 
explain a dietary health behavior in women of low SES is needed.  
  Health behavior research should explore alternate theoretical 
constructs and/or models than the Theory of Planned Behavior in studies 
with women of low SES.  The results of the qualitative study presented in 
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Chapter 5, provides evidence for the importance of a number of theoretical 
constructs upon which to base dietary behavior research with low SES 
populations; constructs which are not currently included in the TPB.  Participants 
in the qualitative arm of our study reported almost universally that what they felt 
was most motivating and useful to them in the course of participating in the 
intervention study was “having a choice and having a voice” in creating their plan 
(i.e., the implementation intention) to increase their intake of fruit and/or 
vegetables.  In addition, many also stated that they felt motivated by having a 
discussion about their plan with someone who “cared” about them and their 
community.  These constructs (i.e., autonomy, competence, relatedness) are 
currently not included in the TPB, but are included (either alone or grouped) in 
other theoretical models used to understand and influence health behaviors.  
(c.f., Self-Determination Theory (SDT) Deci & Ryan, 1985; Ryan & Deci, 2000; 
Deci & Ryan, 2008a; Deci & Ryan, 2008b), for example, which includes all three 
of these constructs.)   
  Health behavior research should explore the Theory of Planned 
Behavior model in combination with other theoretical models of health 
behaviors with women of low SES.  As suggested above, a number of 
researchers have approached study of health behavior change by looking for 
theoretical models that complement each other and then testing this combination 
of theories.  This combined approach to describe and influence health behaviors 
has included a pairing of the TPB with SDT (c.f., Hagger et al., 2002; Hagger et 
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al., 2003; Chatzisarantis & Hagger, 2009; Fortier et al., 2009; Jacobs et al., 2011; 
Hagger et al., 2012).  According to Hagger & Chatzisarantis (2009), although 
both theories have been shown to be effective in explaining health-related 
behavior, both have shortcomings, which can be lessened by their combination.  
Specifically, Hagger and Chatzisarantis (2009) suggest that the TPB does a good 
job explaining the “process by which motivational orientations are converted into 
intentions and behavior” it does not identify the origins of the antecedents of 
behavior, the latter being the strength of SDT (p.276).  Given that the dissertation 
research has identified constructs of SDT as being potentially important 
motivators of behavior in women of low SES, studies which seek to describe and 
influence dietary health behavior change in this population should consider this 
combined approach.  To date, there has been no study of health behaviors in 
women of low SES using a methodology that combines the TPB and SDT. 
  Health behavior research should explore alternate ways of 
measuring Theory of Planned Behavior variables with women of low SES.  
In their publication which discusses the use of behavioral theory in diverse 
society, Pasick et al. (2009) liken the use of current methods to test behavioral 
theory in individuals of diverse socioeconomic backgrounds to be as useful as 
using a “compass on Mars” (p. 12S).  This is because much of the research used 
in the development and testing of health behavior theory is based upon and 
operates under the assumption of the societal standard or norm:  white, urban, 
middle class, university students.  Burke et al., (2009) contend that this is in part 
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because, until recently, the leaders of the field of health behavior change have 
been predominantly white, male and middle-class, and employed at “prestigious 
educational or research institutions” (p. 59S).  Pasick et al. and Burke et al. make 
a strong case that traditional heath behavior change research whose 
assumptions and methods are drawn from research on this “norm” and then seek 
to apply the same assumptions and methods to research using minority groups is 
problematic as this tactic implies a universality to the theories which has not been 
proven.  Particular to the application of health behavior theory to minority groups 
are the problems associated with a) the use of a single question to measure a 
particular behavioral construct, and b) the sentence structure used to measure 
behavior constructs, both of which may not be sufficient to capture nuances 
which may exist in these constructs for minority groups.   
 In order to evaluate these concerns, Pasick et al. conducted a 5-year 
multi-method trial to assess the appropriateness and methods used to quantify a 
number of behavioral theory constructs when applied to the practice of 
mammography in two ethic groups: US born women of Mexican and Filipino 
descent (Hiatt et al., 1996).  The results of this trial raised questions regarding 
the “cross-cultural appropriateness” of the constructs and measures used to 
assess a number of behavioral constructs commonly used in health behavior 
change research.  Of particular interest to our research, Burke et al. (2009) 
provide useful information about the construct “perceived self-efficacy”; a 
construct which is akin to the TPB construct perceived behavioral control. 
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 Using qualitative methodology, Burke et al. (2009) conducted in-person, 
open-ended interviews with Latina and Filipina subjects to explore (among other 
constructs) perceived self-efficacy.  From their analysis they identified a number 
of useful themes.  First, perceived self-efficacy as “defined” by the women in their 
sample held a complexity not seen in traditional health behavior change research 
using majority groups.  They found that the traditional, predominately cognitive 
definition does not reflect the complexity of this construct in women’s daily lives 
(Pasick et al., 2009).  Their group identified a strong influence of poverty and 
issues related to “migration” as well as the importance of the “social and cultural 
contexts in which self-efficacy is perceived and experienced” (Burke et al, 2009, 
p.125S).  In addition, the group identified a significant role for “social capital” in 
terms of their perception of self-efficacy.  Burke et al. (2009) define social capital 
as the benefits and challenges that women face as members of families, groups 
and communities, and the way they utilize resources gathered from participation 
in these groups (p. 116S).  For the groups studied by Burke et al (2009), social 
capital played a direct role in the women’s answer to a question that attempts to 
measure perceived self-efficacy. 
 What is salient to take away from this is the importance of recognizing the 
limitations associated with traditional health behavior change research based 
upon the assumptions and methods that have been developed and used to date.  
Our research suggests that the TPB and an implementation intention intervention 
may not be efficacious to promote dietary behavior change in women of low SES, 
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but what the results of the cross-sectional and pilot and feasibility study may be 
reflecting is the inadequacy of the assumptions and the theory to explain 
behavior in a group which the theory was not designed to evaluate.  Clearly, 
more research is needed here to tease out what may be going on.       
 Implementation intention intervention studies may be feasible in low 
SES groups, but only when recruitment challenges can be successfully 
addressed.   As we saw from the feasibility analyses presented in Chapters 5 
and 6, participant recruitment into the trial and cross-sectional survey was quite 
challenging.  As discussed in the conclusion of those chapters, there are a 
number of studies published which have improved our understanding of the 
nature and extent of the challenges involved with recruiting into research studies 
from minority and low SES populations.  Interestingly, our research confirmed a 
recruitment barrier that has been mentioned in this literature; specifically, the 
inability to contact eligible subjects by telephone.  In 1995, Blumenthal et al. 
investigated recruitment of low-income African American women living in an 
inner-city community in Atlanta into a breast and cervical cancer prevention 
study.  They report only successfully recruiting 55 out of 271 (20%) individuals.  
They were unable to contact 48% of potential subjects due to incorrect 
addresses, phone numbers and/or women did not answer their phone in spite of 
repeated calls at different times.  The authors speculate “unstable living 
conditions” among the cause for the outcome.   
In 2005, Loftin et al. published “lessons learned” about recruitment and 
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retention of rural African Americans through a MEDLINE search of published 
articles and clinical studies as well as an evaluation of 2 community-based 
studies.  They too cite recruitment issues related to inability to consistently 
contact individuals by telephone due to disconnected or inaccurate telephone 
numbers in spite of repeated attempts. Our results provide additional support for 
this literature as despite repeated attempts, our study population (women of low 
SES) and often did not answer the phone during the course of their day.  There is 
some mention of the time constraints faced by women of low SES vis-à-vis 
“hectic lifestyles” which cause them to be away from their homes for significant 
amounts of time throughout the day (Inglis et al., 2005).  Many of the women in 
our study population work full time, go to school, take care of more than one 
child, and are involved in church and community activities.  Given these 
responsibilities, it is not surprising that connecting with potential subjects was 
difficult despite numerous phone calls.  Further research to identify ways to 
successfully recruit women of low SES in research studies involving health 
behavior is needed to improve representation of underrepresented groups. 
 Strategies to improve fruit and vegetable intake in women of low SES 
should consider including interventions to establish financial assistance 
and/or support systems rather than targeting the intention – behavior gap 
and/or perceived behavioral control.  Conner et al. (2013) suggest in their 
discussion that strategies to improve health behaviors in individuals of low SES 
should include tactics that target the “intention – behavior gap” and perceived 
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behavioral control.  They recommend strategies such as “action planning” and 
“implementation intentions” which they suggest directly influence the intention-
behavior gap.  Unfortunately, our study was unable to enroll sufficient 
participants to allow for hypothesis testing for efficacy of an implementation 
intention intervention; therefor the efficacy of this type of intervention in women of 
low SES remains a question.  What we were able to determine from our analysis 
is that the scores for perceived behavioral control obtained from our cohort of low 
SES women were not dissimilar to those presented in the literature where the 
TPB was used as a model to describe and promote health behavior change in 
higher SES groups.   A number of factors may be contributing here, including the 
aforementioned issues regarding the use of behavioral theories and 
measurement tools developed in one population for research with other 
populations.  As such, although it would appear from the dissertation research 
that strategies that target perceived behavioral control may be needed to improve 
health behaviors (or at least fruit and vegetable intake) in low SES groups, more 
research is needed to test the theory and methodology in this population.   
 From the qualitative research presented in Chapter 5, we determined that 
women of low SES view the cost of fruit and vegetables as a significant barrier to 
their increased intake of these foods.  We are aware of programs in the Boston 
area where fruit and vegetables are being offered at a reduced price (e.g., the 
Fresh Fruit Truck. Haymarket) or for purchase using Supplementation Nutrition 
Assistance Program (SNAP) benefits (e.g. farmer’s markets).  Fortunately, these 
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programs are becoming more wide-spread, but they may not be offered year 
round in areas of the country that experience significant cold weather.  It is 
unclear from these interviews whether or not women of low SES considered 
either canned or frozen fruit or vegetables as a lower-cost option.  Other 
mechanisms are needed to improve fruit and vegetable purchase options for 
individuals of low SES in order to increase their intake of these healthful foods. 
 Our qualitative research in Chapter 5 also suggests that women of low 
SES view having a support system (e.g., family member, friend) as a way of 
improving their dietary health behaviors.  We are aware of literature that has 
explored the effectiveness of a variety of types of support for health behavior 
change including family and peer support groups, e- and mobile health groups, 
etc.  Research is needed to study the utility and efficacy of the use of electronic 
and/or mobile health groups to promote and/or improve dietary health behaviors 
in women of low SES.   
 Dietary intake of fruit and vegetables measured using 2 24-hour 
recalls and a FFQ do not agree.  As we demonstrated in Chapter 6, 
measurement of fruit and vegetable intake, as well as associated nutrients, using 
2 24-hour recalls and a FFQ do not agree, with the level of disagreement 
dependent upon the selected food/nutrient.  Our correlation analysis showed no 
association between measures for either fruit (r=0.32, p=0.09) or vegetable 
(r=0.16, p=0.40) intake.  Using scatter plots we visualized differences between 
both intake measures regarding both fruit and vegetables in terms of servings per 
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day.  Finally, when applying Bland-Altman analyses to the data we note that 
although both measures do meet Bland and Altman’s definition of agreement 
(i.e., both measures fall within the 95% CI limits of agreement), when one looks 
at the clinical relevance of that agreement, dietary assessment for fruit and 
vegetable intake using 2 24-hour recalls and a FFQ do not agree with an 
acceptable level of precision.  Given these results we suggest that 24-hour 
recalls and a FFQ are not “interchangeable” for use in research involving dietary 
intake assessment in women of low SES.   
 Conducting dietary intake assessment in women of low SES is 
agreeable to participants but may not be feasible.  What emerged from the 
analysis of participant answers to both our closed- and open-ended questions 
regarding dietary intake assessment methods was that there was no clear 
preference between the 24-hour recall and the FFQ method.  The only negative 
emergent theme was with regard to the FFQ where participants reported that 
they did not like being asked “personal questions” in conjunction with that 
measure.  Given these results, it would appear that future research employing 
dietary intake assessment could use either 24-hour recalls or a FFQ to measure 
dietary intake, though, if the FFQ method is used, some consideration should be 
given to removing some of the more sensitive personal questions.  Alternatively, 
if the personal questions were needed for the research, these questions could be 
asked at the end of the FFQ dietary intake questions. 
 Unfortunately, although both measures were determined to be agreeable 
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to our participants, research that includes dietary assessment using either 24-
hour recalls or a FFQ may not be feasible in women of low SES, particularly in 
terms of enrollment and retention.  As mentioned above, there is literature 
regarding the challenges of enrolling and retaining under-represented minorities 
(c.f. Ejiogu et al., 2001), and our research presented in Chapters 5 and Chapter 6 
substantiates these findings.  As noted in Chapter 6, although we did employ 
multiple strategies to try to improve our enrollment (i.e., flyering, multiple 
contacts), we were still unable to overcome enrollment barriers.  It is evident that 
future research that evaluates multiple approaches to recruitment, enrollment, 
and retention of under-represented groups is needed in order to improve the 
participation of these groups in research that seeks to promote positive health 
behavior change. 
 Nutation Facts label reading may be more pervasive among women 
of low SES than originally conceived.  An important finding from the cross-
sectional survey conducted in Chapter 6 is that the frequency of Nutrition Facts 
label reading is higher in women of low SES with lower levels of education than 
might be expected given the literature in this area.  Ollberding et al. (2010) 
reported on the frequency of Nutrition Facts label reading in a large sample of the 
population using data from the 2005-2006 NHANES survey.  In that study, they 
report 39.6% of those with less than high school education used the Nutrition 
Facts label with some frequency.  Why our participants with lower levels of 
education exhibited a high rate of frequency checking nutrition labels (80% for 
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those with less than high school education) is unclear.  Although our results may 
reflect selection bias, they do suggest that future research exploring how well the 
information obtained from reading the Nutrition Facts label is used by women of 
low SES. 
Dissertation Research Contributions to the Health Behavior Change and 
Diet Assessment Literature  
Our results provide an important contribution to the health behavior 
change literature by showing that the TPB and its constructs on the whole may 
play a small role in predicting the variability in both intentions to consume and 
intake of fruit and vegetables in women of low SES.  These results suggest that 
further research is needed to determine whether or not these limitations relate to 
the TPB as “incomplete” relative to low SES groups, or to errors associated with 
the measurement of TPB constructs which reduce its validity in low SES 
populations. In addition, our results contribute support to the literature, which 
describes an attenuation of the intention-behavior relationship as well as a role 
for perceived behavioral control in predicting dietary health intentions and 
behavior in this population.   
Furthermore, the dissertation research contributes to the literature by 
identifying a number of constructs beyond those captured by the TPB that are 
important to women of low SES, and should therefore be included in future 
studies using theoretical models to explain and promote health behavior change 
in this group.  Our results suggest that SDT may be a useful addition to 
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theoretical models used to define and influence health behavior change in 
women of low SES.  Moreover, this research supports other studies, which have 
identified the significant role that finances and support systems play in helping 
women of low SES make and sustain dietary changes to promote their health.   
Our feasibility research presented in Chapters 5 and 6 contributes to the 
literature on recruitment of minority subjects by confirming a barrier to 
recruitment – inability to contact subjects by phone.   There continues to be 
challenges associated with recruitment, enrollment and retention of under-
represented groups.  Unfortunately, strategies suggested in the literature to date 
to overcome these challenges (some of which were used in this research) may 
not be sufficient.  Further research is needed to determine the best way to 
improve participation in research by these groups. Our results support the call for 
researchers to employ a “multi-pronged” approach to recruitment to insure 
adequate representation of underrepresented groups in research designed to 
improve health.    
 Our research has also provided important contributions to the diet 
assessment literature, particularly as it relates to diet assessment in women of 
low SES.  Specifically, we demonstrated that there was no difference in terms of 
acceptability of each of the diet assessment tools studied (i.e., 24-hour recalls 
and a FFQ).  Additionally, we determined that 24-hour recall and FFQ 
measurement of fruit and vegetable intake do not agree with a level of precision 
that is needed in a research setting.  This information informs researchers in the 
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design of future studies of dietary intake in women of low SES vis-à-vis their 
need to think critically about which dietary intake assessment tool is used as all 
tools will likely yield different data and therefore, when compared to studies that 
used a different dietary intake assessment methods, may affect comparability of 
the results.   
Limitations of the Dissertation Research 
 First and most significantly, this dissertation research was limited by an 
inability to recruit sufficient numbers of subjects into (first) the randomized 
controlled intervention trial, and (second) the cross-sectional survey used to 
study diet assessment methods.  Although the feasibility analysis conducted in 
conjunction with both the intervention trial and cross-sectional survey allowed for 
the identification and description of barriers to subject recruitment, which will be 
helpful to inform future studies in low SES groups, this challenge prohibited 
meaningful hypothesis testing using inferential statistics.  As such, the statistical 
tests performed should not be used to draw conclusions about the efficacy of the 
implementation intention intervention or the association between dietary intake 
measures.   
 Another limitation to the research is the self-reported nature of the 
measurement tools used.  Although the methods used for measuring the TPB 
variables are based on a significant body of literature, the validity of these 
measures is imperfect and – more importantly – the degree of measurement 
error is unknown in low SES groups as this is the first time this variable 
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assessment method was used exclusively in this population. Additionally, there is 
measurement error inherent in the diet assessment measures used in Chapters 4 
and 5 (i.e., the BRFSS Fruit and Vegetable Model used as the primary outcome 
measure) as well as in Chapter 6 (i.e., 2 24-hour recalls and a FFQ).  No dietary 
intake assessment tool can capture true dietary intake, as such, variance 
between actual and reported intake will exist.  Also, 24-hour recalls are most 
prone to random error, and FFQs and the brief FFQ (BRFSS FVM) to systematic 
error.  There are also errors associated with memory, portion size, etc. 
associated with all measures used in this research.   
 This dissertation research is likely limited by selection bias.  Participants 
recruited into all of the studies reported in Chapters 4, 5, and 6 are those who 
agreed to participate in a larger (parent) study aimed to improve BMI (primary) 
and activity and fruit and vegetable intake (secondary).  We do not know the 
extent to which our participant volunteers differ from other residents in Boston 
Public Housing who did not agree to participate in the research.  We do know 
from a review of the participant characteristics in the cross-sectional survey that 
the participants in our studies (cross-sectional, intervention and qualitative) are 
similar in terms of demographic characteristics, BMI, TPB variable scores, and 
fruit and vegetable intake.  We do not know if or how these participants may 
differ from residents of Boston Public Housing who did not participate in the 
Healthy Families study and therefore our studies.   
 The limitation of potential selection bias extends to the qualitative studies 
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presented in the dissertation research.  Although it is not outside of the norm for 
qualitative research to include relatively small numbers of subjects, we must 
consider that the opinions and experiences represented by our groups may not 
represent the “norm” of the larger group of public housing residents or low- 
income women in general. Also, as it relates to the qualitative research, although 
the principal investigator believes that a saturation of themes was reached at the 
time of termination of the semi-structured interviews, it is possible that other 
themes may have emerged if the interviews were continued.  Finally, it is 
important to note that qualitative research is not generalizable outside of the 
study group, and as such it is important to develop and conduct quantitative, 
hypothesis testing research of the emergent themes from the qualitative analyses 
in order to generalize the findings.   
 Moreover, the dissertation research may have been limited by under-
reporting of dietary intake; particularly in the intervention trial reported in Chapter 
5.  Although the BRFSS FVM was chosen as it has been validated in a low- 
income population, the literature suggests that this tool may tend to underreport 
intake (Spencer et al., 2005).  Similarly, underreporting of dietary intake is known 
to be prevalent in women in general, and particularly in women who classify as 
overweight or obese (Heitmann & Lissner, 1995; Scagliusi et al., 2009), and/or 
women who are underrepresented minorities (Banna et al., 2015).  As our study 
population was limited to underrepresented minority women who classified with 
overweight/obesity, it is likely that our intake data was lower than the participant’s 
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true intake. 
 Finally, our research findings may be confounded by interventions 
conducted as part of the Healthy Families study.  Subjects who participated in 
our cross-sectional, pilot randomized controlled intervention trial and qualitative 
studies were recruited from both the experimental and control evaluation cohorts 
of the Healthy Families study.  Although the multi-interventions for the Healthy 
Families study were delivered at the level of the housing development, it is 
possible that participants in our studies did receive some or all (or none) of the 
interventions.  In Chapter 4 we did include resident development in the analyses 
and found no effect on our results, but we do need to acknowledge that some of 
our findings may be influenced by the Healthy Families study.    
Recommendations for Future Health Behavior Change Research Targeting 
Diet Quality in Low SES Populations 
Given the small amount of variability that the TPB explains in our cohort 
for both intention and behavior to consume fruit and vegetables, it would appear 
that future research looking to explain or impact dietary health behaviors in low 
SES groups should explore ways to enhance the applicability of the theory to low 
SES populations.  Specifically, future research is needed that explores alternate 
theoretical models or combinations of theories that has been shown to have 
greater explanatory power for this population.  Although yet to be studied, as 
autonomy, competence, and relatedness are constructs our group report to be 
important to their health behaviors, we would suggest that the combination of the 
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TPB and SDT is good place to start this investigation.  In addition, future 
research is needed to construct and evaluate (i.e., construct validity) 
measurement tools for assessing theoretical constructs of the TPB (and other 
theories) in this population.   
Our qualitative analysis of participant experience with an implementation 
intention intervention yielded potentially useful information to inform future 
intervention research targeting dietary behavior change in women of low SES.  
Specifically, as our participants identified finances and lack of social support as 
the main barriers to their follow through on their plan to increase their fruit and 
vegetable intake, future research to improve diet quality that evaluates 
interventions which target finances and/or social support systems should be a 
priority.    
 To address the barriers to recruitment that were encountered during this 
dissertation research (particularly the research presented in Chapters 5 and 6), 
future studies that recruit subjects from a cohort who participated in a parent 
study should consider communicating the opportunity for study participation 
across a number of platforms (e.g., posters/flyers, mailings) before active 
recruitment begins.  In addition, communicating a contact number or email that 
interested participants could be used to contact study personnel for consideration 
of their eligibility may also prove beneficial.  Future research involving low SES 
populations should evaluate strategies to overcome the challenges of 
recruitment, enrollment and retention that have been reported in the literature 
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and continue to investigate and publish research which expands our 
understanding of techniques to improve research participation by underserved 
populations. 
 Finally, our finding that Nutrition Facts labels are accessed with relative 
frequency in women of low SES with lower levels of education was pleasantly 
surprising.  Future research should be conducted on a similar population in order 
to confirm our results and to measure nutrition literacy more comprehensively.  
For example, the measure of nutrition literacy developed by Weiss et al., 2005 
(Newest Vital Sign) is based upon Nutrition Facts label reading, or nutrition 
literacy might be measured in the context of measures of diet quality such as the 
Healthy Eating Index (HEI) (Guenther et al., 2013). 
Conclusion 
 The Theory of Planned Behavior as currently operationalized to explain 
fruit and vegetable intake is limited in women of low SES.  An implementation 
intention intervention is acceptable in this group.  Dietary intake assessment 
using 24-hour recalls and a FFQ is generally acceptable to low-income women.  
Feasibility of research studies to explore and influence diet quality in women of 
low SES remains a significant challenge.  Future research examining 
interventions based upon behavior change models to explain and promote 
positive health behavior change in low-income populations is needed to 
determine the most appropriate, efficacious, cost effective and easy to implement 
interventions to improve health behaviors in these often marginalized groups.  
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Contributions to Research/Manuscript 
Conception and design  
·       Contributed to the design of interventions: 
• Cooking demonstration/nutrition education –  
 Developed all nutrition education materials which correspond to each of 4 
 cooking demonstration interventions including educational materials on 
 dietary fiber, sodium, vitamin C, etc. 
 Conducted cooking demonstrations 4 times over the course of 1 year to 
 each of the 5 housing development intervention sites 
 
• Social media –  
  
 Developed the social media intervention in its entirety.  
 
 Developed and administered Facebook page inclusive of regular 
 educational postings (at least 1 each week day) on diet and exercise 
 
 Developed text messaging campaign informed by CDC social marketing 
 guidelines (CDC Social Medial Tools, Guidelines & Best practices, 2013) 
Development of methodology 
·       Contributed to methodology of the multi-intervention through creation of the 
methods used to deliver the cooking/demos and social media campaign 
interventions as well as the metrics used for process evaluation of Facebook 
intervention. 
Acquisition of data 
Collected process data for cooking demonstrations/nutrition education programs 
and Facebook site. 
Writing, review and/or revision of manuscript 
Participated in the writing and review/revision of the manuscript, particularly 
"Material and methods" sections 2.2.4 and 2.2.5 
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Appendix B 
 
 
	
 
 
PHH-PRC/DeBiasse 
 Theory of Planned Behavior and Implementation Intentions  
 
1-Month Follow-up Survey 
	
Date: __  __ / __  __ / __  __       
 Form:1 
 
 
Screening Staff ID: ________ 
 
Development: _____________________ 
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Instruction: This next question is about the fruit and vegetables you ate or drank 
during the past 30 days. 
	
Instruction: These next questions are about the fruits and vegetables you 
ate or drank during the past 30 days.  Please think about all forms of fruits 
and vegetables including cooked or raw, fresh, frozen, or canned.  Please 
think about all meals, snacks, and food consumed at home and away from 
home.  I will be asking how often you ate or drank each one: for example, 
once a day, twice a week, three times a month, and so forth.   
INTERVIEWER NOTE: If respondent responds less than once per month, put “0” 
times per month.  If respondent gives a number without a time frame, ask “Was 
that per day, week, or month?” 
 
1) How often do you drink fruit juices such as orange, grapefruit, or 
tomato? 
____ Per day   ____ Never 
____ Per week   ____ Don’t know/Not sure 
____ Per month 
____ Per year 
Sample	Serving	Size	
	
A	serving	is	¼	
cup		
dried	fruit	
	
A	serving	is	one	
medium	piece	
of	fruit	
	
A	serving	is	½	cup	
of	cooked	vegetables	
	
A	serving	is	6	
ounces	
of	100%	fruit	
juice	
	
A	serving	is		
1	cup	of	salad	
	
Note:	 • 	 Please	include	vegetables	in	soups,	stir-fry,	and	other	mixed	dishes.		
	 • 	 “100%	juice	from	concentrate”	is	considered	juice.	
	 • 	 Other	fruit	drinks	such	as	“fruit	juice	cocktail,”	“juice	beverage,”	or	“10%”	juice		
	 are	not	counted	as	fruit	juice.	
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2) Not counting juice, how often do you eat fruit? 
____ Per day   ____ Never 
____ Per week   ____ Don’t know/Not sure 
____ Per month 
____ Per year 
 
3) How often do you eat green salad? 
____ Per day   ____ Never 
____ Per week   ____ Don’t know/Not sure 
____ Per month 
____ Per year 
 
4) How often do you eat potatoes not including French fries, fried 
potatoes, or potato chips? 
____ Per day   ____ Never 
____ Per week   ____ Don’t know/Not sure 
____ Per month 
____ Per year 
 
5) How often do you eat carrots? 
____ Per day   ____ Never 
____ Per week   ____ Don’t know/Not sure 
____ Per month 
____ Per year 
 
6) Not counting carrots, potatoes, or salad, how many servings of 
vegetables do you usually eat? (Example: A serving of vegetables at 
both lunch and dinner would be two servings.) 
____ Per day   ____ Never 
____ Per week   ____ Don’t know/Not sure 
____ Per month 
____ Per year 
 
7) Name 3 things that helped or 3 things that made it difficult for you to 
increase your intake of fruit or vegetables over the past month 
according to your plan: 
__________________________________________________________________ 
 
__________________________________________________________________ 
 
__________________________________________________________________ 
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Appendix C 
Timeline for the Dissertation Research  
A timeline that outlines the activities for the dissertation research is 
provided in Figure 2. 
Figure 2. Timeline of research activities for cross-sectional survey, pilot 
randomized controlled intervention and feasibility analyses, and dietary intake 
assessment studies 
 
2014-2015 M J J A S O N  D J F M A 
Parent study (“Healthy Families”) 
1 yr follow up survey 
            
TPB cross-sectional survey (Chapter 4)             
Intervention: Pilot randomized controlled trial & feasibility 
analysis arm (Chapter 5) 
            
Intervention: Qualitative arm (Chapter 5)             
Dietary intake assessment cross-sectional survey and 
qualitative data collection (Chapter 6)  
            
 
RCT=randomized controlled trial 
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Appendix D 
Name: ________________________________Phone_____________________ 
Date(s)/time(s) called: ______________________________________________ 
 
If voicemail: Hi, <name>,  
I am a student researcher at Boston University who is involved in the “Healthy 
Families” study that you have been participating in.  You agreed to be contacted 
to learn about other studies you might be eligible for, so I am calling to see if you 
would be interested in participating in a research study.  Would you please call 
me back with the best phone number, and a day and time that is good for you to 
talk?  I can be reached at 617-358-5479. Thank you! 
 
If answered: Hi. May I speak with _________<name>? 
If reach someone at home to leave a message: Okay. Can you leave her a 
message?  My name is Michele DeBiasse, and I am a student researcher 
working with the “Healthy Families” study that the Boston University School of 
Public Health is conducting.   ______________ <name> agreed to be contacted 
to learn about studies she might be eligible for, so I was calling to see is she 
would be interested participating in a research study I am conducting.  Would you 
please ask her to call me back?  My phone number is 617-358-5479. Thank you! 
 
If reach participant: Hello, is this _______ <name>? (Note: Confirm full name of 
participant before proceeding.)  My name is Michele DeBiasse, and I am calling 
to follow up with you regarding the survey you took a couple of weeks ago for the 
“Healthy Families” study you are participating in.  As a part of that survey you 
agreed to be contacted to learn about other studies you might be eligible for.  I 
am a student researcher conducting a research study looking at fruit and 
vegetable intake, and I would like to know if you might be interested in hearing 
more about this study and perhaps participating in it?  Is this a good time to talk? 
 
If no: Ok, when would be a good time to call you back? Thank you. Have a good 
day. 
 
If yes: Great!  I would like to tell you some information about the study so you can 
see if it sounds like something you might be interested in participating in.  This 
will take a few minutes, ok?  The purpose of this study is to see if making a plan 
to eat more fruit and vegetables helps someone to eat more fruit and vegetables.  
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If you choose to participate today, you will randomly be put into one of two 
groups and then we will talk about you planning to eat more fruit and vegetables.  
The time we spend on the phone today to discuss your plan and go over the 
information I need to provide to you will be about 20 minutes.   
 
About 1 month after this phone call today, a representative from this study will 
visit you in your home and will ask you to complete a brief questionnaire.  This 
questionnaire will contain 8 questions and is expected to take you approximately 
15 minutes to complete.  Upon completion of this final survey, you will receive a 
$5.00 gift card.  
 
Ok. Does this seem to be of interest to you?  Do you have any questions before I 
continue? 
 
If no: Ok. Before we hang up, may I ask why you have chosen not to participate?  
This is helpful information to use as we plan for the next study. 
 
{Fill in response here.} 
 
Thank you for taking the time to speak with me today.  Have a good day. 
 
If yes: Great!  Ok. Before I can enroll you in the study, I will need to ask you a 
question and then describe the study to you in more detail so that you so that you 
may make an informed decision about participating.  This will take a few more 
minutes, ok? Do you have a paper and something to write with nearby?  Please 
get it because you will need to write a couple of things down as we talk today. 
 
Great.  Has a doctor or any other healthcare professional told you that you 
should not change your intake of fruit or vegetables because of a health 
condition, allergy or any medication you might be taking?  
 
Yes______   No ______ 
 
If yes: Thank you for your time today, but unfortunately, you are ineligible to 
continue with this study.  If you are interested, we will contact you in the future for 
any additional studies you may be eligible for. 
 
If no: You are being asked to participate in this research study about your fruit 
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and vegetable intake because you are a participant in the “Healthy Families” and 
because you agreed to be contacted to learn about other studies you might be 
eligible for.  This study we are talking about today is a sub-study of the “Healthy 
Families” study, and is being conducted as a part of my doctoral studies at 
Boston University.  As with the “Healthy Families” study, this sub-study involves 
researchers who are from Boston University and Boston Medical Center.  
Choosing not to participate or withdrawing from this sub-study will affect neither 
your status nor your participation in the “Healthy Families” study. 
 
You will be one of approximately 80 total subjects asked to participate in this 
study. If you agree to participate in this study, you will be randomly assigned into 
either an experimental or a control group.  If you are chosen to be in either of 
these 2 groups you will talk with me today about how you might plan to increase 
your intake of fruit and vegetables over the next month.   In addition, if you agree 
to participate in this study and are in either the experimental or the control group, 
I will be using some of the information you have already provided us as a part of 
the “Healthy Families” study you are currently enrolled in for this sub-study.   
 
In about 1 month from now, you will be visited in your home by a representative 
from this sub-study who will ask you to complete a brief questionnaire.  This 
survey will contain only 8 questions and is expected to take you approximately 15 
minutes to complete.   We do not expect that you will have to participate in any 
additional telephone calls or need to complete any additional surveys for the 
duration of this sub-study.  Upon completion of the final survey for this sub-study 
a month from now, you will receive by mail the $5.00 gift card. 
 
Do you have any questions so far?  Ok, great.  Now I need to provide you with 
some more information which should take only a few minutes, ok?   
 
By participating in this research study, you are agreeing to have this telephone 
conversation with me today about your fruit and vegetable intake and to complete 
the follow up in person survey in a month.  Additionally, you are agreeing to allow 
me to use some of the information you have already provided to the researchers 
as a result of your participation in the “Healthy Families” study.  This information 
includes your age, ethnicity/race, your answers to questions you were asked 
regarding your goals, attitudes, and abilities you may have to increase your 
intake of fruit and vegetables, and the information you provided about your intake 
of fruit and vegetables. 
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You are not obligated to participate in our conversation today, or the follow up 
survey.  By participating, you agree to allow me and the research group to use 
the information you provide me in presentations and written papers.  Neither your 
name nor any other identifying information will be used in the presentations or 
the written papers that result from this study.   
 
As we talk on the telephone today, or during your completion of the follow up 
survey for this sub-study, you may feel distressed or embarrassed by thinking 
about your diet, your health, or your social circumstances.  Know that this 
telephone call, and your completion of the follow up survey, will be done in 
private, and the information you provide will never be shared.  Additionally, the 
study staff are familiar with the sensitive, personal nature of the information we 
will obtain from you.  All care will be taken to insure you are not distressed or 
embarrassed.   If you should feel distressed or embarrassed at any point during 
our conversation and you let me know, I can provide you with information 
regarding counselors you may contact.   
 
Participating in this sub-study will take some of your time.  I anticipate that in 
addition to our phone call today which should last about 10 minutes more, 
completion of the follow up survey in about a month will take about 15 minutes of 
your time.   
 
Also, there is a risk of the data you provide us being identified as coming from 
you.  Know that we will take the utmost of care and make every effort to insure 
that your name and the information we collect from you remains confidential.   
Your name will never be written on any document that relates to you.  You will be 
assigned a random number code which will be used to identify you, and the 
document that links your number to your name will be kept in a locked, low traffic 
area.  The key that links your name to your code number will be kept separate 
from any data collected, and this key will be destroyed at the end of the study 
period. 
 
Taking part in this study is voluntary.  You can drop out of or withdraw from this 
sub-study at any time and for any reason.  If you should drop out or withdraw, 
this will not affect your relationship with anyone related to the “Healthy Families” 
study, Boston University or Boston Medical Center.  Your choice not to 
participate or to withdraw from this sub-study will in no way affect your enrollment 
status or your participation in the “Healthy Families” study.  You have the right to 
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refuse to take part in this study.  You can refuse to answer any specific questions 
that you may prefer not to answer.  If you decide to participate in this study and 
then change your mind, you can withdraw from the research.  Your participation 
is completely up to you.  Your decision will not affect your ability to get healthcare 
or payment for your healthcare.  It will not affect your enrollment in any health 
plan or benefits you can get.  If you decide that you would like to withdraw from 
this sub-study between our phone call today and the follow-up visit, you can call 
me (Michele) at 617.358.5479 and I will remove you from the study.  If there are 
any new findings during the study that may affect whether you want to continue 
to take part, you will be told about them as soon as possible.  We may decide to 
discontinue your participation without your permission because we may decide 
that staying in the study will be bad for you. 
 
You will receive no direct benefit from participating in this study.  However, you 
may benefit from thinking more about your health. Also, the knowledge we obtain 
from this study could be used to help us design future programs to help people 
become healthier.  There are no costs to you for participating in this research 
study. You will receive a $5.00 gift card after you complete the final survey. 
 
By consenting to participate in this study you do not waive any of your legal 
rights. Giving consent means that you have heard or read the information 
about this study and that you agree to participate. If at any time you withdraw 
from this study you will not suffer any penalty or lose any benefits to which 
you are entitled.  
 
Ok. Any questions?  Now, I will give you some contact information. 
 
You may obtain further information about your rights as a research subject by 
calling the Office of the Institutional Review Board of Boston University 
Medical Center at 617-638-7207. The investigator or a member of the 
research team will try to answer all of your questions. If you have questions or 
concerns at any time, or if you need to report an injury while participating in 
this research, contact me, Michele A DeBiasse, MS, RD at (617) 358-5479 or 
(617) 638-2779 during the day, or at (978) 897-3639 after hours. 
 
Ok. Thanks for listening to that information.  Do you have any questions?  Do you 
feel you are able to give informed consent to be in this study? 
 
Yes ______   No ______ 
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Do you agree to participate in this study? 
 
Yes ______   No ______ 
 
If yes: {Continue below to group assignment.***} 
 
If no: Alright. Before we hang up, may I ask why you have chosen not to 
participate?  This is helpful information to use as we plan for the next study. 
 
{Record response.} 
 
Thank you for taking the time to speak with me today.  Have a good day. 
 
***Do you agree to be assigned to either group? 
 
Yes______   No ______ 
 
EXPERIMENTAL    CONTROL    (circle one)  Subject # ____________________ 
 
Experimental group 
“We would like to ask you to increase your daily intake of fruit or vegetables by at 
least one serving each day over the next month.  For example, a serving of fruit 
is one apple or a cup of berries or ¾ of a cup of 100% fruit juice, and a serving of 
vegetables is 1 cup of cooked broccoli or 1 medium tomato or ¾ cup of vegetable 
juice.  You are free to choose how you will do this, but I want you to formulate 
your plan in as much detail as possible paying particular attention to the 
situations (where and when) you can see yourself eating an extra serving of fruit 
or vegetables.  After that, I’d like you to decide which fruit or vegetable you will 
eat when that situation arises.” 
 
“If you were to choose a situation in which you will eat an additional serving of 
fruit or vegetables, this would be where and when?  Examples might be if you are 
at the kitchen table at breakfast, or if you are in the car when you go to pick your 
children up from school, or if you are at your desk at work during your normal 
break time.” 
 
The situation you choose is (where and when):___________________________ 
________________________________________________________________ 
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Great!  Now let’s decide on what you will do when that situation arises.  If you 
were to choose what you would do to increase your intake of fruit and vegetables 
by a serving, then you would do what? Examples here might be, then I will eat an 
apple, or then I would eat a cup of baby carrots.” 
 
The what you will do is (what): ________________________________________ 
________________________________________________________________ 
 
“Great! So, let me repeat your plan back to you: If it is (when), and you are 
(where), then you will eat (what).  Is this your plan?” 
 
“I would like for you to write down your plan so that you have it to look at after we 
get off of the telephone.  Please be sure to write it using the format ‘If…then…’” 
 
 
 
“I would now like to ask you four questions about your plan.  For each question, I 
am going to read the question and then ask you to give me a number on a scale 
from 1 to 7, with 1 being not very confident and 7 being very confident, ok?” 
 
Based on the plan you came up with, how confident are you that the situation you 
specified will arise? 
Not very confident       Very confident 
1         2              3            4              5                6                        7 
 
Based on the plan you came up with, how confident are you that when the 
situation arises you will recognize it as the time to need to put your plan into 
action? 
Not very confident       Very confident 
1        2        3      4  5  6  7 
Based on the plan you came up with, how confident are you that when the 
situation you identified arises you will recall what you planned to do to increase 
your intake of fruit or vegetables? 
Not very confident       Very confident 
1        2         3         4     5  6  7 
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Based on the plan you came up with, how confident are you that when the 
situation you identified arises you will follow through on your plan to increase 
your intake of fruit or vegetables? 
Not very confident       Very confident 
1        2        3       4      5  6  7 
 
Great!  I have one last question: Do you agree to allow me to contact you by 
telephone in a couple of months to see if you might be interested in participating 
in another study that I am planning that is related to this sub-study? 
 
Yes ______   No ______ 
 
That’s it for my questions.  Remember, you will be receiving a visit to complete a 
short questionnaire in about 4 weeks, ok?   
 
Do you have any questions?  You can always contact me at 617.358.5479. 
Thank you, and have a good day. 
 
 
Control group 
“We would like to ask you to increase your daily intake of fruit or vegetables by at 
least 1 serving each day over the next month.  For example, a serving of fruit is 
one apple or a cup of berries or ¾ of a cup of 100% fruit juice, and a serving of 
vegetables is 1 cup of cooked broccoli or 1 medium tomato or ¾ cup of vegetable 
juice.  You are free to choose how you will do this. I’ll give you a minute or two to 
let you think about this…” 
 
“Great!  I would like for you to write down your plan so that you have it to look at 
after we get off of the telephone.  I’ll give you a minute or two to do this.” 
 
That’s it for our call today.  Remember, you will be receiving a visit to complete a 
short questionnaire in about 4 weeks, ok?   
 
Do you have any questions?  You can always contact me at 617.358.5479. 
Thank you, and have a good day. 
 
Counselor names/contact info: Mayor’s Health Line 617-534-5050 
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Appendix E 
Participant ID: _____________ 
 
Thank you for agreeing to speak with me today about the fruit and vegetable 
study you participated in.  I would now like to ask you your opinion about some of 
the survey questions you were asked by a research assistant to complete when 
they visited you in your home as part of the “Healthy Families” study you 
participated in.  You may recall that long survey with about 80 questions in it…? 
 
1. Thinking about the statement: “For me, increasing my daily intake of fruit or 
vegetables by one serving every day over the next month is…” and you were 
asked to rate how foolish/wise you thought it would be….. 
 
 a) What did you like best about this question? 
 
 
 
 b) What did you like least about this question? 
 
 
 
 c) Had you ever thought about this question before participating in this 
study? 
 
 
 
2. Thinking about the statement: “For me, increasing my daily intake of fruit or 
vegetables by one serving every day over the next month would be…” and you 
were asked to rate how difficult/easy you thought would be….. 
 
 a) What did you like best about this question? 
 
 
 
 b) What did you like least about this question? 
 
 
 
 c) Had you ever thought about this question before participating in this 
study? 
 
3. Thinking about the statement: “I intend to increase my daily intake of fruit or 
vegetables by one serving every day for the next month” and you were asked to 
rate how strongly you agreed or disagreed with that statement….. 
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 a) What did you like best about this question? 
 
 
 
 b) What did you like least about this question? 
 
 
 
 c) Had you ever thought about this question before participating in this 
study? 
 
I would now like to ask you some questions to get your opinion about some of the 
survey questions you were asked by a research assistant to complete when they 
most recently visited you in your home.  This was the 8 question survey that you 
completed after talking with me about your plan… 
 
4. Thinking about the survey questions you were asked to complete about your 
fruit and vegetable intake over the past 30 days.  You may remember these 
questions as they asked you about the fruits, vegetables, juices, salads and 
potatoes you ate…? 
 
 a) What did you like best about those questions? 
 
 
 
 
 b) What did you like least about those questions? 
 
 
 
 
 c) What was easy to understand about those questions? 
 
 
 
 
 d) What was difficult to understand about those questions? 
 
I would now like to ask you some questions to get your opinion about our 
discussion on the phone (or when I visited you at your home) when we talked 
about your making a plan to increase your intake of fruit and vegetables… 
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5. Before you talked with me on the telephone about a plan to increase your fruit 
and vegetable intake, what thoughts (if any) did you have about your fruit and/or 
vegetable intake?  
 
 
 
 
6. Thinking about the conversation we had about making a plan to increase your 
intake of fruit and vegetables….. 
 
 a) What did you like best about our conversation to make a plan? 
 
 
 
 b) What did you like least about our conversation to make a plan? 
 
 
 
7. Thinking about the time it took for our conversation to make a plan to increase 
your intake of fruit and vegetables….. 
 
 a) What did you think about how long we talked to come up with your 
plan? 
 
 
 
8. Thinking about the conversation we had about making a plan to increase your 
intake of fruit and vegetables….. 
 
 a) What was easy about coming up with a plan?   
 
 
 
 b) What was difficult about coming up with a plan? 
 
 
 
 c) What would help you even further to increase your fruit and 
 vegetable intake? 
 
9. What did you like best about participating in this study? 
 
 
10. What did you like least about participating in this study? 
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That’s all for my questions today.  Do you have any questions for me?  I 
appreciate your taking the time to speak with me today. 
 
 
Mailing address: 
_________________________________________________________ 
  
_________________________________________________________ 
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